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ABSTRACT

The goal of the present work was to upgrade the data

acquisition system (DAS) in the high-speed building of the

Turbopropulsion Laboratory (TPL) and to develop a high-speed

acquisition capability for pressure measurements for both the

TPL and the new Gas Dynamics Laboratory (GDL). Based on the

use of the Hewlett Packard HP9000 Series 300 Computer as the

system controller, a 96-channel high-speed pressure DAS was

developed using Scanivalve ZOC-14 modules and a CALSYS2000

calibrator. The system allowed acquisition times for current

wind-tunnel experiments to be revised from four minutes to

eleven seconds. Also, new software was written to acquire

data from existing rotary pneumatic Scanivalves and HP-IB

compatible instrumentation so that all other existing

acquisition capabilities were maintained in both laboratories.
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I. INTRODUCTION

The Turbopropulsion Laboratory (TPL) consists of two large

buildings, each with a central data acquisition system (DAS)

serving multiple rotating and cascade test rigs. One building

is for low-speed and one is for high-speed flow experiments.

The Gas Dynamics Laboratory (GDL) consists of a single large

building, closely adjacent to the other two, for which

components for a central data acquisition system had been

purchased, but not installed, at the inception of the present

work. The GDL houses three blow-down wind tunnel facilities

and a shock tube.

In planning the DAS for the GDL, commonality of the

controller with the systems in the TPL was desirable in order

to eliminate the need for students to learn different

machines, to simplify the support task, and to interchange

parts in the event of a failure. Since the TPL low-speed

building was recently upgraded to use a Hewlett-Packard HP9000

Series 300 computer, two additional similar computers were

purchased, one for the DAS new DAS and one to upgrade the DAS

in the TPL high-speed laboratory. Thus the task in the

present work was two-fold. First, software was required to be

generated on the HP9000 which would enable all established DAS

functions and experiments in the high-speed laboratory at the

TPL to be maintained. Second, a high-speed scanning data
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system was required to acquire pressure measurements in the

short (minutes) duration blow-down wind tunnel tests in the

GDL. Future upgrading in all laboratories would clearly

depend on the experience gained in developing the high speed

scanning system.

The pre-existing DAS's at the TPL incorporated Hewlett

Packard HP-IB compatible scanners, digital voltmeters, system

voltmeters, frequency counters and a locally developed HG-78K

controller for pneumatic Scanivalves. Prior to the HP9000

acquisition, in earlier updates, the HP9830, HP9845 and HP1000

computers had been used as system controllers. Because of

almost unlimited run-times of the rigs at the TPL, and the

need largely to record many channels of "steady-state"

measurements, the data-recording times were not a critical

issue. [For "real-time" pressure measurements, a 16-channel

100 Khz capability was provided using a (non HP-IB) DMA input

to the HP1000 from a now-obsolete HP5610A A/D converter].

Data acquisition was accomplished in the "steady-state"

system, by computers executing individual data measurement

instructions under program control. The maximum data

collection rate was determined by the speed that the computers

could execute individual instructions within the program

between consecutive data measurement steps. P r e s s u r e

measurements were made using the Scanivalve rotary pneumatic

pressure sensing unit operated by the NPS HG-78K Controller.

The Scanivalve unit sequentially stepped through its block of

2



ports collecting single pressure data once every 1.5 seconds.

The HG-78K stepped the Scanivalve to the specified measurement

port on commands executed by the computer. In summary, the

pressure data acquisition rate was limited by the speed of the

peripheral devices and by the computer's speed in executing

program instructions.

The first task in the present work, to regenerate the

software lor the TPL "steady-state" DAS in HP BASIC 5.13 on

the HP9000, served to become familiar with the computer and

its programming, but no detailed report is included herein.

The main task was to develop a high-speed scanning system for

GDL, and this is documented in detail.

The hardware for the new system included the HP9000 Desk

Top Computer System, HP6944A Multiprogrammer, Scanivalve ZOC-

14 Electronic Scanning Pressure Module and CALSYS2000

Calibrator. The HP9000 serves as the computer-controller

using the BASIC programming language. Data and program

storage for the HP9000 is handled by a HP9153C Disc Drive

incorporating a 40 mega-byte hard drive and 1.44 mega-byte

3.25" floppy drive. (The HP9153C replaced the older HP7906

Disc Drive and HP7970E Tape Drive of the HP1000 system).

The HP6944A combines several data acquisition devices (I/O

Cards) into one unit. The significant feature of the HP6944A

is its ability to perform specific data acquisition functions,

and to control the data measurement steps without intervention

from the host computer (HP9000). The HP6944A removes the
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individual data measurement instructions of the program from

the acquisition process, resulting in data rates which are

limited only by the speed of the individual I/O card and the

non-Hewlett Packard device.

In comparison with the TPL "steady-state" system, the ZOC-

14 module replaces the low speed rotary Scanivalve and instead

provides high speed electronic scanning of the pressure ports.

The CALSYS2000 provides ZOC control and supplies calibration

pressures to it, making the ZOC and CALSYS2000 a "packaged"

pressure measurement system.

The software which was generated to integrate the HP9000,

HP6944A and Scanivalve ZOC-14/CALSYS2000 system was designated

as program SCANZOC 05. The complete package of hardware ard

software is referred to hereafter as the ZOC-14 Data

Acquisition System, or ZOC-14 DAS.

In the present document, Chapter Two describes and

discusses the development of the ZOC-14 DAS. The hardware,

individual component operation, integration of the components

into a complete system, and the application programs to

operate the DAS are discussed in detail. It is hoped that

this chapter will serve as a manual for the system, and as a

guide to those responsible for future extensions.

Chapter Three discusses the upgraded capabilities of TPL

and GDL DAS's, potential extensionl and outstanding issues.

(The ZOC-14 DAS is fully operational, but requires resolution

of these issues to optimize the system's performance).

4



Finally, conclusions are drawn and a particular recommendation

is made in chapter Four.

Additional details are given in the Appendices. Appendix

A contains the ZOC-14 DAS application program flow chart, the

application program SCANZOC_05, and associated utility

programs. The utility programs are used to read and display

the results of the data compiled by the SCANZOC_05 program.

Appendix B contains four earlier versions in arriving at

the SCANZOC_05 program. The program evolved in steps, as

knowledge was gained on the hardware operation and

integration, and software programming. Each program is

annotated with pertinent information to describe the program's

functional routines, and are reported as and aid to future

programming.

Appendix C contains a brief guide to managing data files

provided by the ZOC-14 DAS collection process. A program is

listed, and instructions provided, to view and delete selected

data files, from the hard drive. A sample print-out of the

hard drive contents is provided, showing the data file listing

and unique structure for the ZOC-14 DAS data files.

Appendix D provides a listing of all major programs

developed for use on the HP9000 for the TPL. A compilation of

all programs, listed in groups of "directories" contained on

the HP9153C hard drive, is provided. The major program

listings are divided into the categories of Turbocharger

Performance, AE4431 Turbomachinery Design, and several sample

5



routines to operate devices, perform calculations, and

manipulate files.



II. ZOC-14 DATA ACQUISITION SYSTEM

A. General Overview

1. Hardware

The ZOC-14 Data Acquisition System (DAS) hardware

includes the Scanivalve ZOC-14 Electronic Pressure Scanning

Module (Figure 1), the Scanivalve CALSYS2000 Calibration

System (Figure 2), the Hewlett Packard HP6944A Multiprogrammer

(Figure 3), and the Hewlett Packard HP9000 Desk Top Computer

System and peripherals (Figure 4).

Figure 1 ZOC-14 Electronic Pressure Scanning Module
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Figure 3 HP6944A ?4ultiprogrammer
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Figure 4 HP9000 Computer System

2. Software and Literature

The HP9000 is provided with BASIC 5.13 software. On-

line compilation occurs when a program is executed by the RUN

command. This user-friendly feature allows expeditious

changes to be made in a program without the separate time

consuming re-compilation process required by other high level

programming languages. The result is the ability to RUN a

program, change the program, and RUN the program again with

minimal effort and time, making BASIC an ideal tool for an

engineer.

9



The BASIC software system and documentation includes

the necessary firmware provided on seven 3.25" floppy disks

and twelve manuals describing the loading, utilization, and

maintenance of BASIC (Figure 5)[Ref. 1 through Ref. 12].

.0.0

Figure 5 Hewlett Packard BASIC Program and Literature

The two volume Hewlett Packard Educational Package

(Figure 5) [Ref. 13 through Ref. 14] is vital to quickly learn

BASIC and its implementation with the HP9000 and the line of

Hewlett Packard peripheral devices. This package condenses

all the pertinent information contained in the BASIC program

manuals. The novice programmer will find that the Educational

Package provides the necessary fundamentals in how to use

BASIC. The advanced programmer will be regularly referencing

the BASIC program manuals for his programming requirements.
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The HP14753A CAT Program Package (Figure 5)[Ref. 15]

comprises the firmware and documentation required to set-up

and operate the HP6944A Multiprogrammer. • Details of this

package will be discussed later in this chapter.

3. TPL ZOC-14 DAS System

The TPL ZOC-14 DAS System is an integration of all the

aforementioned hardware, firmware, and newly developed

software into an application package. The capability of the

system is the ability to collect pressure data on multiple

channels at high sampling rates, reduce the raw data, and

store the reduced data using a user friendly, menu-driven

operating program on the HP9000 computer. A schematic of the

ZOC-14 DAS System is illdstrated in Figure 6. The HP9000

computer is the central controlling device for the system.

Software on the HP9000 controls data collection from the

PALSYS2000 and HP6944A, data reduction, and data storage to

the computer's hard drive and floppy drive. The HP6944A

interfaces with the ZOC-14 modules providing electronic port

selection, receiving analog voltages and converting to digital

data. The CALSYS2000 is controlled by the HP9000, provides

calibration pressure to the ZOCs, pneumatically sets the ZOC's

operating modes, and provides digital data conversion of

calibration pressure to *he HP9000. The ZOC-14 module

converts pneumatic pressures to analog voltage signals which

are collected in the HP6944A.
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Figure 6 ZOC-14 Data Acquisition System

B. Hardware Description

1. ZOC-14 Electronic Pressure Scanning Module

a. Principle of Operation

The ZOC-14 is a 32 port electronically switched

pressure sensing device. Internally, pressures are converted

through semi-conductor strain gages to -an analog voltage

output signal for each selected port (Figure 7). The

electronic switching feature allows the individual strain

gages to be selected at random, and the output voltage signal

to be read.
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MUX & AMPELECTRONICS ...

ON BOARD SENSOR
VOLTAGE EXOTAnmI

Figure 7 ZOC-14 Module Diagram

Each ZOC contains a series of valves that are

pneumatically switched to set an operating mode. Shown in

Figure 8 are the ports P1 through Px which are connected by

pneumatic pressure tubing to the apparatus or probe wnere

pressure is to be measured, such as the model in a wind

tunnel. The Calibration Manifold and Sensor Reference

Pressure Manifold are connected to the CALSYS2000 to receive

a reference calibration pressure to be measured by the ZOC for

calibration purposes. CAL Control (CTLl) and Px Control

(CTL2) are pneumatic control lines that position the valves to

set the required operating mode in the ZOC. CAL and Px

control pressures are provided by the CALSYS2000.
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PRESSURE SENSOR MODULE

CONTROL Ain SUPPLY
EXHAUST TEST PRESSURE INPUTS Px VALVE, TYP.

PI P2 P3 P4 PX •
S. ... CALIBRATION
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VOLT SIGNAL OUTPUT FIELD REPLACEABLE
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*ZOC = ZERO OPERATE & CALIBRATE

Figure 8 ZOC-14 Valve Body Schem'.tic

The ZOC operates on the principle "ZERO OPERATE

AND CALIBRATE"; hence thg name "ZOC". This principle involves

a two phase sequenc,. The first phase sets the ZOC into an

"OPERATE" mode and experimental pressure data at pressure

ports P3 '-,rough Px are converted and recorded. The second

phas,. sr the 'OC into the "CALIBRATE" -..ode. The CALSYS2000

provides a calibration pressure through the Calibration

Manifold and Sensor Reference Pressure Manifold to each strain

gage. Calibration pressure data are then collected from the

ZOC for each port by the HP6944A. The HP9000 collects the

pressure data from the HP6944A and digital converted

calibration pressure data from the CALSYS2000. These two sets

of data are plotted against each other to get a calibration

curve for each ZOC strain gage.

Figure 9 illustrates the ZOC's four modes of

operation. In the OPERATE mode, P1 pressure is routed to the

14
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Figure 9 ZOC-14 Pneumatic Switching Modes

strain gage, and the Calibration Manifold is isolated. In the

CALIBRATE mode, calibration pressure is routed to the strain

gage, and the P1 pressure is isolated. The PURGE and LEAK

TEST modes are used for clearing pressure lines and for

diagnostic checks, respectively.

The Multiplexer and Amplifier section (Figure 8)

facilitates the ZOC's high speed scanning capability. The

multiplexer is driven by a five bit address input signal (AO

through A4) from the HP6944A, selecting a specified port from

1 to 32 in binary code. The ZOC's electronic module is

illustrated schematically in Figure 10. The analog output

signal processing is accomplished within the electronic

15



LU
-1 ", 01c

Col Cel
a.'

in In I.

~i I-l 'A

Cwfl 41

88.i xi i - cc-
I .N CIn,,zb~f
9 (f]N~~i~I

rn U1nw4I..fT-n31S~U
U. lq dU Owz i ~ 1 ~ N 4A,

F =ur 10 ZO-4ElcrnisShea

EL16



section of the ZOC.

Reference 16 provides all pertinent

specifications, descriptions of the design and operation, and

is the source document for the above technical information on

the ZOC-14 Module.

b. ZOC-14 Enclosure

The ZOC-14 Enclosure was designed and built at NPS

to provide a mobile and versatile module which was convenient

for electronic and pneumatic connections, and provided

protection in the laboratory environment. Components in the

enclosure include one ZOC-14 Module (Figure 1), a 115 VAC

power supply, a BNC connection for the output signal, Cannon

plugs for the ZOC address input, and a pneumatic connection

plate for measurement, control, and calibration pressure lines

(Figure 11).

Each Px port on the ZOC-14 module has a

corresponding port connection on the pneumatic connection

plate. The connection plate port numbers 1 through 32

correspond to the ZOC's ports as selected by the binary

address code. The Px Control, CAL Control, CAL, and REF ports

on each valve block (Figure 7) are each connected to a common

line as illustrated in Figure 12. The Px Control line is

routed to port number 33, CAL Control to port number 34, CAL

to port number 35, and REF to port number 36. Ports 37

through 48 are not used.

17
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Fiqure 11 ZOC-14 Enclosure

The enclosure's electrical wiring is illustrated

schematically in Figure 13. The two-five pin Cannon plugs are

wired in parallel to jumper ZOC address line connection points

between adjacent enclosures. This feature allows for one

address line from the HP6944A to be connected to the first

enclosure Cannon plug. The second enclosure receives its ZOC

address signal from the second Cannon plug on the first

enclosure by a jumper line. The third and following

enclosures receive their ZOC address signals in the same

sequence of connections.

A significant capability of the ZOC address

control feature, in connection with the HP6944A, is the

18



ef4 Ar V) q r- 03

LA

I:

too

U T

U --

,-S0 * 0

U.J

- I

Figure 12 ZOC-14 Enclosure Pneumatic Line Schematic

19



2~ .

-~ J3
4dj OWL&_

200



ability to simultaneously collect pressure data from

corresponding ports on a multiple ZOC configuration. This

capability could play a significant role in determining the

pressure Lahavior at two or more different points at the same

instance in time. The number of instantaneous data points is

determined by the number of ZOCs connected into the ZOC-14 DAS

System.

2. CALSYS2000 Calibration Module

a. Description

The CALSYS2000 interfaces the ZOC module with the

HP9000 computer by setting the ZOC mode selection as commanded

by the HP9000, providing calibration information. to the

HP9000, and sending a reference calibration pressure to the

ZOC for calibration purposes. Figure 141 shows a front view

of the CALSYS2000 module.

The CALSYS2000 is comprised of a Calibration

Module (CALMOD 2000) and a Power and Solenoid Control (PSC

2000) module. Figure 15 illustrates the external pneumatic

and electrical line connections between the two modules, the

nitrogen supply source and ZOC pneumatic line connections as

seen in a rear view of the CALSYS2000 as it is installed at

the TPL.

Figure 14 is found in Ref. 17, page 10, as Figure 1.
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Figure 14 CALSYS2000 Calibration System

b. Calibrator Module (CALMOD 2000)

The CALMOD 2000 provides the electronic interface

with the HP9000 through the serial RS-232C data link with a

built-in processor. The processor responds to various

commands from the HP9000 and issues control signals to actuate

an array of solenoids within the CALMOD and PSC. The

selective setting of the solenoids routes reduced nitrogen gas

pressure to set the ZOC modes, and provide a regulated

calibration reference pressure for ZOC transducer calibration.

An internal Pressure Standard module samples the calibration

pressure and provides a proportional analog voltage value to

the processor. The processor's internal A/D and mathematical

22
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Figure 15 CALSYS2000 External Line Connections

processors return a digital measure of the pressure in either

psia or inches of mercury. The CALMOD is currently set for

inches of mercury. The processor provides this digital

pressure value at the front window on the CALMOD (item 5,

Figure 14), and also returns the value to the HP9000 following

a "read pressure" command.

The CALMOD has three manually adjustable pressure

regulators (items 6,7,8 in Figure 14) and associated pressure

display buttons (items 2,3,4 in Figure 14). These regulators

provide three different reference calibration pressures that

the ZOC uses for calibration. During the calibration mode,

each one of the three calibration pressures are sequentially

23



sent to the ZOC and the Pressure Standard. To calibrate the

ZOC for positive pressures, the calibration pressure is

provided through the Calibration Manifold to the strain gage

transducers. To calibrate the ZOC for negative pressures, the

calibration pressure is provided through the Sensor Reference

Pressure Manifold to the backside of the strain gage

transducer. Pressure data from the CALSYS2000 and ZOC are

collected by the HP9000 and reduced to obtain calibration

curves for each ZOC transducer.

Figure 162 shows the rear panel of the CALMOD 2000

with all the installed connection ports. Figure 15

illustrates tV3 ports currently used at TPL. The CALMOD

receives a r mmon low-pressure supply of nitrogen gas to the

Solenoid Supply and Regulator Supply connections. Regulated

calibration pressure is supplied to the ZOC Calibration

Manifold through the CAL(+) connection, and the Sensor

Reference Pressure Manifold through the REF(-) connection.

Figure 173 shows the pneumatic lines between the

CALSYS2000 and ZOC units. The TPL currently has two 15 psid

and one 50 psid ZOCs. These ranges require a nominal 90 psi

Regulated (Instrument' Air Supply to properly operate4 . The

solenoid supply is 90 psi for both the CALMOD and PSC.

2 Figure 16 is found in Ref. 17, page 12, as Figure 2.

3 Figure 17 is found in.Ref. 17, page 21, as Figure 5.

4 Refer to Ref. 17, dwg 16202, sht 1 of 9, in back of
ref. 17.
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Figure 16 CALMOD 2000 Rear Panel

c. Power and Solenoid Control Module (PSC 2000)

The PSC provides the CALSYS2000 electrical power

and pneumatically controls the ZOCs. Figure 18 shows the rear

panel of the PSC with all external connections. Electrical

power is supplied to the CALMOD through an electrical jumper

between the Power Out (item 3 in Figure 18) and Power In

terminals shown in Figure 15. The PSC contains the solenoids

which route control air, CAL CTL and Px CTL (item 5 in

Figure 18) to the ZOC for mode selection. These two solencids

are controlled by the CALMOD through an electrical cable

connecting the Solenoid Control connections (item 3 in

25
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Figure 17 CALSYS2000-ZOC Pneumatic Hook-up

Figure 16 and item 4 in Figure 18). ZOC control gas to the

solenoids is supplied at 90 psia from a high pressure nitrogen

cylinder through the Supply port (item 7 in Figure 18).

d. CALSYS2000 Operaticn

The CALSYS2000 communicates with the HP9000

Computer through the RS-232C serial data link using ASCII

character format commands. The commands used for the ZOC-14
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DAS are of two types:

* Commands from the HP9000 to set ZOC and CALSYS2000 modes
by the actuation of control solenoids.

* Commands to provide pressure data to the HP9000, read from
the Pressure Standard.

The command format for communications requires the IIP9000

command statement to have the following ASCII character code

format:

aCC (CR)
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The "a" is the CALMOD address character which is currently "1"

for the only CALMOD installed in the CALSYS2000 at the TPL.

A second CALMOD would have the address character of "2". The

"CC" part is the applicable command code such as "PH" which is

discussed later. The "(CR)" is for a ASCII carriage return

character which is "13" in decimal format.

The commands used to set ZOC and CALSYS2000 modes

are summarized below:

OPERATE mode - This mode allows pressure to be measured by

the ZOC by setting the valves in the ZOC to route Px air

directly to the strain gage. Calibration functions are at

idle. The OPERATE mode is the CALSYS2000 condition when it is

first initialized or powered-up.

4 aIC Initialize Calibrator to set the CALSYS2000 to
its power-up condition

CALIBRATION mode - This mode is set at the ZOC.

Calibration reference pressure is sent to the ZOC, and all gas

is routed to the Pressure Standard for display on the CALMOD

window, and made available to the HP9000.

* aPH Route high pressure gas from Regulator #1 to
the ZOCs through the Calibration Manifold

* aPM Route medium pressure gas from Regulator #2 air
to the ZOCs through the Calibration Manifold

* aPL Route low presrure gas from Regulator #3 to the
ZOCs through the Calibration Manifold

28



4 aZO Gas in the Calibration and Reference Pressure
Manifolds is equalized to atmopheric
pressure in these manifolds

4 aNL Route low pressure gas from Regulator #3 to the
ZOCs through the Reference Pressure Manifold

4 aNM Route medium pressure gas from Regulator 42 to the
ZOCs through the Reference Pressure Manifold

4 aNH Route high pressure gas from Regulator #1 to the
ZOCs through the Reference Pressure Manifold

Read Pressure - The CALMOD is asked for the current

pressure value being sampled by the Pressure Standard. This

command is used only by the ZOC-14 DAS program during the

Calibration Mode. When the CALSYS2000 is in its "initialized

condition", the Pressure Standard reads atmospheric pressure.

6 aRP Reads the pressure sampled by the Pressure
Standard and returns the value in inches of
mercury in ASCII character format:
"+/-1.23456E+78 at a"

Reference 17, Chapter 4, discusses the details and

available command codes use by the CALSYS2000. The above

codes are only used in the ZOC-14 DAS program with the HP9000.

The CALSYS2000 is designed to operate from any PC using a

standard modem control program.

The HP9000 and BASIC programming language required

a modification of the CALSYS2000's command format factory

settings. The Line-feed (LF) ASCII character in the command

line corrupted the command message to the CALSYS2000 on any

subsequent command following the initial HP9000 command.
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Deletion of the LF from the HP9000 command resulted in

uninterrupted command of the CALSYS2000.

(In its factory configuration, the CAIMOD

"handshakes" with a host computer using a "prompt record" to

respond to a host computer command. (See Reference 17).

Following a command issued to the CALMOD, the HP9000 would

receive an interrupt error and halt the program. The BASIC

line commands to handle the CALMOD prompt record could not be

determined. Subsequently, the factory-set prompt record

"(CR)(LF)(;)" was deleted to allow the HP9000 to continue

without an interrupt error. Deletion of the prompt record

"(CR) (LF) (;)" was accomplished by setting the "Null" prompt

record. The Null prompt record was set into the CALMOD

processor using the command " SMON " followed by " BP 1 ".

The commands were communicated using a 386 PC with a modem-

control program that performed computer to computer

communication. The first command set the Null prompt record,

the second command "burned" the Null prompt record into the

CALMOD's PROM.]

e. CAISYS2000 Gas Supply System

The CALSYS2000 requires instrument quality air

meeting ISA-S7.3 [Ref. 17, page 18). The use of commercial

bottled nitrogen gas more than satisfied this requirement.

The supply system for the CALSYS2000 at TPL is illustrated in

Figure 19. Nitrogen gas is reduced through a standard
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re, zlator set at 90 psi, providing Solenoid Control and

Regulator Air.

Regulator Set
(L•d & High Pre" Gages)

HP Rubber Noose
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To PC 28M0

Note: Low premre est to 9 psig

Figure 19 CALSYS2000 Nitrogen Supply

A cut-out valve (Figure 15) is installed between

the PSC and CALMOD to minimize nitrogen gas consumption. The

valve is set closed (handle down) when the CALSYS2000 is used

in the OPERATE mode. The valve is opened for the CALIBRATE

mode. Higher gas consumption occurs due to the design of the

regulators in the CALMOD, which bleeds off gas to maintain a

constant pressure setting.
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3. Hewlett Packard Multiprogrammer (HP6944A)

a. General Description

The HP6944A (Figure 3) is a self-contained module

with removable I/O cards which control various device

operations or functions and interface with the HP9000. I/O

cards are easily installed or removed by sliding the card into

or out of an I/O slot in the enclosure. The HP9000

communicates with the I/O card through the HP6944A internal

processor and Backplane Edge Connector which the installed I/O

card plugs into. Electrical power supplies for the I/O cards

are contained in the HP6944A enclosure. The HP6944A can

support up to 16 I/O cards, depending on the cards' electrical

power requirements. Figure 20 shows the HP6944A with the

eight I/O cards and associated "edge plane" connecting cables

used for the ZOC-14 DAS.

Reference 18 provides a detailed description of

the HP6944A and a brief description of all the I/O cards

available for the HP6944A. The I/O cards used in the ZOC-14

DAS are described in the following paragraphs.

b. I/O Cards

(1) 500 Khz A/D Card (HP69759A)

The A/D card provides analog to digital signal

conversion from the ZOC-14 module. One A/D card is required

for each ZOC. The card has a capability of performing A/D

conversions at a rate of up to 500 Khz. The card is factory
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Figure 20 HP6944A Rear Panel and I/O Cards

set to handle input analog voltages between +/- 10 volts

[Ref. 191. The A/D process provides a 12 bit resolution

resulting in a 5 mV digital output voltage resolution.

The HP1417A Chaining Cable (Figure 215) interfaces

the A/D card with the Memory Card, Pacer Card and ZOC. The

digital output voltage value from the A/D card is read to the

Memory Card through the HP1417A cable. The Pacer Card's

trigger signal and ZOC voltage signal are received by the A/D

card through Chaining Cable input leads.

5 Figure 21 is in Ref. 19 as figure 2-2.
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Figure 21 A/D-Memory Chaining Cable

(21 Memory Card (HP69791A)

The Memory Card is a digital data storage

device used here to store ZOC voltage values from the A/D

card. Data are stored in 16-bit words and the storage

capacity is 65,536 words of RAM [Ref 20]. Data words can be

written into the RAM at rates of up to 800 Khz. The data are

extracted from the RAM into the HP9000 RAM at rates of up to

30 KHz. The difference in data rates does not limit the ZOC-

14 DAS process. The DAS program is designed to collect and

store all raw pressure data on the Memory Card for each

acquisition cycle before any data are transferred to the

HP9000.
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(3) Counter/Totalizer Card (HP69775A)

The Counter Card is use in conjunction with

the Timer/Pacer Card to count the number of events that occur

during a specified data collection cycle. A trigger signal

from the Timer/Pacer Card provides the signal pulse to step

the Counter Card's integer "count-up" function. The Counter

Card has two counting modes that count at rates of up to 1 Mhz

[Ref. 15 and Ref. 21). The mode used in the ZOC-14 DAS

process counts from -32768 to 0. This capability allows 1023

samples per port of data, or 1023x32 events for a maximum of

32736 total data points per run.

The Counter Card provides the count value at

the card's Edge Connector (Figure 226) as an External Count

Output. The output is a 16-bit number, which is the count

value as the card is counting. Five of the sixteen bits (00

through 04) are used to drive the ZOC address value (bits AO-

A4) through the Auxiliary I/O Logic Interface Device

(Figure 6).

(4) Timer/Pacer Card (HP69736A)

The Pacer Card is a square wave pulse

generator with a programmable pulse width feature. The pulse

width is programmable down to one micro second duration or a

Figure 22 is figure 3-5 in Ref. 21.
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the A/D Card and timing step trigger for the Counter Card.

c. Multipro~amauer CorifIggration

(1) ZOC-14 Integration

The ZOC address format and the Counter Card's

External Counter Output are the common link that interface the

two devices. The Counter Card's count-up feature is used to

control the ZOC port address. Starting at "1-32"1, for which

the binary equivalent is "00000"1 at the card edge, the card

counts up to zero. Since 00000 is the binary number which is

required to set the ZOC address to port number "1"1, the

7 Refer to Ref. 15 and Ref. 22 for details on the
HP69736A.
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counting process steps the ZOC from port 1 to port 32. The

count-up process realizes the following sequence:

decimal count binary count ZOC port address

-32 00000 01

-31 00001 02

-29 00010 03

-02 11110 31

-01 11111 32

Initiating the count-up from "-64" results in two scanning

passes through the 32 port ZOC-14 since only the last five

bits are identified in the ZOC address. Selection of the

count-up value determines the number of scans through all the

ZOC's ports.

The Counter Card's external output is set to

0.0-0.5 volt for "logic low" and to 2.0-5.0 volt for "logic

high" [Ref. 21, page 1-2]. The ZOC address bits (AO-A4 in

Figure 10) require an open collector Transistor-Transistor-

Logic (TTL) driver to provide a ground "low" and an open

"high" signal. The Auxiliary I/O Logic Interface Device

(Figure 23) was designed to interface the HP69775A with the

ZOC. Figure 24 is the electrical schematic of the device.

The TTL 7404 is powered by a 5 volt regulator (Ref. 23]. The

regulator receives 15 VDC power from the Counter Card's

external edge connector.
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Figure 23 Auxiliary 1/0 Logic Interface Device
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Figure 24 Auxiliary I/O Logic Interface Device Schematic
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(2) IO Card Slot Configuration

The current configuration of the I/O cards and

HP6944A provides the capability to collect pressure data from

up to three ZOC-14 modules. Figure 25 illustrates the I/O

card configuration and wiring to support the full ZOC-14 DAS.

HPS,•IA fle7\ir• HP979 7 HP673A6 Pacer HP69775A Countar

, ATo Alux 1 10I nterface) Davies
HP147?,

Cables ectia lines connec

Thble H 6 4 him 
ta tion

(molt~~g~ usdetxP 
loai I"nout

Sfrom ZOCs

Figure 25 HP6944A 1/0 Card Configuration Diagram

Figure 26 shows the ZOC-14 DAS (not including the CALSYS2000)

with one ZOC-14 module and all electrical lines connected.

The HP6944A has a power limitation determined

by the built-in power supplies. Table I illustrates the

HP6944A power supply availability and the I/O card power

requirements. The HP6944A provides one 5 volt, one 12 volt

and three 18 volt power supplies. The maximum amperage
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Figure 26 ZOC-14 Data Acquisition System (less CALSYS2000)

ratings are shown in Table I. The power required by the I/O

cards are shown in amperes. The upper value in the table is

the rating per card. For the HP69791A and HP69759A cards, the

second value is the total rating for three cards of each type

(which are required for three ZOC modules). The total

amperage required for the three HP69759A cards exceeded the

capacity of a single 18 volt power supply. Therefore, the

first HP69759A card receives its power from the first 18 volt

power supply. The second and third HP69759A cards receive

their power from the second 18 volt power supply, from which

they draw a total of 0.8 amperes. The HP69759A cards were set

by the factory to draw power from the first 18 volt power

40



Table I HP6944A Power Supply Allocation

Device Power Supplies

HP6944A +5V +I2V -12V 1 +18V -18V
16.0 O .A 2.0A 0.85A -0.4A

(1) (1) (1) (3) (3)

Cards Power Required

HP69791A 3.6A
10.8A

HP69759A 0.7A (1)0.4A (1)0.075A
HP69759A 0.7A (2)0.4A (2)0.075A
HP69759A 0.7A (2)0.4A (2)0.075A

HP69736A 0.75A

HP69775A 0.75A 0.12A 0.15A (1)0.12A (1)0.150A

TOTAL 14.4A 0.12A 0.15A (1)0.52A (1)0.225AT (2)0.80A [ (2).150A

supply. Access to the second 18 volt power supply required

alterations to be made to the Power Supply Jumpers for the

second and third HP69759A cards (Ref. 19, page 3-1].
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C. ZOC-14 DAS Software Description

1. General Overview

Hewlett Packard's BASIC 5.13 program language is

utilized by the HP9000. Code is written in this language to

communicate with the various data acquisition devices, process

data and store the data to disk, and to output results on a

printer or plotter. The HP6944A, a central component of the

ZOC-14 DAS, is a relatively complex device which can perform

numerous functions depending on how it is configured. The use

of the HP6944A here required the generation of a unique

software package in BASIC that integrated the HP6944A internal

processor with the configuration of I/O cards selected here.

The HP14753A Computer Aided Test (CAT) Programming Package

provided the means to generate the software for that

interface.

2. Data Acquisition Program

a. RP14753A CAT Program Packace

The HP24753A CAT Programming Package

(Figure 27) [Ref. 15] is software (and documentation) required

to operate the HP6944A and the associated I/O cards. The

programmer uses the Hewlett Packard provided skeleton CAT

example program to develop a tailored application program to

perform specific processes. The ZOC-14 DAS appli-ation

program, was developed using the CAT Programming Package, to
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Figure 27 HP14753A CAT Programming Package

perform ZOC data collection, reduction, and storage titled

"SCANZOC 05" (Appendix A, Figure A17).

The CAT programming package provides the

capability of integrating selected I/O cards into a unique

function that combines the cards' capabilities into one

function. Two particular applications used here combined the

A/D and Memory Cards into a "Buffer" function, and the Pacer

and Counter Cards into a "Timer" function.

The Buffer function performs the task of

collecting analog data at a collection rate controlled by an

external trigger device, converts the analog data to digital

format, and temporarily stores the data. The Buffer function

allows the high speed data collection rate of 500 KHz, which

is only limited by the A/D conversion rate. Figure 28 is a
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schematic of the wiring that links the A/D and Memory Cards

together through the HP1417A Chaining Cable (Figure 21).

HP69791A
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Figure 28 Buffered A/D Function Schematic

The Timer function provides a square wave trigger

pulse of a specified pulse width and a specified number of

repetitions. The pulse width determines the data collection

rate. In the present application, the repetition number

divided by 32, the number of ports on the ZOC-14, determines

the number of scans the ZOCs undergo. The repetition number

is therefore always a multiple of 32. Figure 29 is the

schematic of the wiring that links the Counter and Pacer Cards

together. The edge connectors and cables which were made to

implement the wiring shown in Figure 29, can be seen in
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Figure 23.

The CAT programming process requires

identification of the installed I/O cards and their initial

function settings through a user-specified "Configuration

File". The file provides the flexibility of writing a general

application program that works readily with various

configurations of the HP6944A(s). Each configuration file is

unique to each HP6944A hardware configuration8 .

8 The Configuration File must accurately reflect the
HP6944A(s) I/O card configuration or a software error occurs.
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Print-outs of the ZOC-14 DAS program Configuration

File are listed in Figure A19 . (Note that the names listed

in Figure Al are variables used by the program SCANZOC_05.].

b. DAS Program Desicn

(1) Program Desian Features

The ZOC-14 DAS Program SCANZOC_05

incorporated several design features intended to obtain a

user-friendly data. collection program. The program

4 has full control of the ZOCs and CALSYS2000 as interfaced
with the HP9000 and HP6944A

* utilizes the Zero Operate Calibrate principle for data
collection from the ZOCs

* uses keyboard function keys to allow selection of various
operations within the program

# creates and identifies data files automatically based on
the type of data, date, and run number

* offers data file storage on hard and floppy disk drives.

(2) Data Files

Three different data files are used when

acquiring data from each ZOC-14. Implementation of the Zero,

Operate and Calibrate procedure required the data acquisition

process to

• collect and store raw pressure data from the ZOCs

9 Reference 15 provides details on Configuration File
creation and alterations.
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* collect and store calibration pressure data from the ZOCs
and corresponding applied pressure standard data from the
CALMOD 2000

* reduce the raw pressure date using calibration curves and
store the reduced pressure data.

The program uses BDAT type files with Integer

and Real number formats1 ". The raw data file is in Integer

(2-byte) format, with each record corresponding to an output

voltage value.

The calibration file uses a Real number (8-

byte) format storing data from a 33 row by 11 column array".

Each row (1-32) corresponds to a ZOC Port. The Zero (0) row

contains ZOC-specific parameters. Columns 4-10 in the Zero

row contains pressure values measured by the CALMOD Pressure

Standard for each of the seven calibration settings. Columns

4-10 (rows 1-32) contain voltages output by the ZOC for each

of the calibration pressures applied through the CAL and REF

manifolds. Columns 0-3 (rows 1-32) contain calibration curve

fit coefficients for a third order polynomial. These

coefficients are derived using the Least Squares numerical

curve fit method using the recorded voltages (rows 1-32)

plotted against the applied (standard) calibration pressures

(row zero). Each row in the array corresponds to a record in

the calibration data file consisting of 8x33 bytes.

10 Refer to Ref. 6, chp 7, for details and advantages of
BDAT format files compared to ASCII files.

11 Refer to Figure A17, lines 2350 to 2440.
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The reduced data file uses a Real number (8-

byte) format, storing data from a n-row by 33 column array.

Each row corresponds to one scan of a ZOC, The first column

(0) stores the nth-scan number. Columns 1-32 correspond to

the output of each ZOC port converted to pressure units

(inches of mercury). Each array row occupies a record of 8x33

bytes in the reduced data file.

Figure 30 provides a sample listing of the

data files created in acquiring data using three (3) ZOCs in

one (1) acquisition cycle.

:,700.0,1
YXUV R LABEL: DATA
FRL SAM1• W TYl RW IVIJ UBTTEZIRC ADDRESS DATE TIM

3f1205161% B3 T 97 2 592 16-May-92 14:54
ZW2205161 BOAT 97 2 594 16-May-92 14:54
ZW3205161 BOAT 97 2 56 16-May 92 14:54
ZC1205161 BUT 33 88 598 16-May-92 14:55
ZC2205161 NOAT 33 66 611 16-May-92 14:55
ZC3205161 BOAT 33 so 624 16-May-92 24:55
=1205161 BOAT 3 264 637 16-May-92 14:55
Z12205161 BOAT 3 264 642 16-May-92 14:55
ZR3205161 BDAT 3 264 647 16-May-92 14:55

Figure 30 ZOC-14 DAS Data File Listing

Each data file name uses the format,

<ZW><ZOC #><Date><Run #>

"ZW" identifies raw data files. ("ZC" identifies calibration

data files, and "ZR" identifies reduced data files). The ZOC

# is for ZOCs 1-3. The format for the date is YMMDD. The Run

# has values 1-99. Hence, for example, the file ZR1205161

holds reduced data for ZOC #1 collected on May 16, 1992 during
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Run #1. The REC/FILE column shows three records, identifying

that three scans of data for the 32 ports were collected. The

BYTE/REC column identifies 264 bytes for each record (scan),

corresponding to the 8x33 bytes for the row format addressed

in the previous paragraph.

(3) Program Functional Flow Process

The program SCANZOC_05 follows the functional

flow process illustrated in Figure A2 through Figure A16 in

Appendix A. The program relies on extensive use of

subroutines to maintain program architectural simplicity

through use of the CALL statement. The option to use one to

three ZOCs requires only the repetitious use of the different

subroutines.

Function keys are used for program control.

The main program is segmented into blocks. Each block or set

of blocks is initiated by a function key (ie. fl through f8).

The "GOTO Hold" statement executes a continuous loop sequence

which is only interrupted by a function key selection, thus

providing the mechanism for program control.

The storing of raw pressure data and

calibration data onto the hard drive allows repeated data

collection runs. The data reduction routine is function key

selected and can be performed after each data collection run,

or at any later time. The program prompts the user for data
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file name information when data reduction is not selected

immediately following a data collection run.

c. DAS Procrram Use

(1) HP9000 Operation and Rudimentary Commands

The HP9000 is the controlling unit for the

ZOC-14 DAS. Its operation is similar to that of a desk top

computer system with no complex initialization or "boot-up"

process.

The HP9000 has its own built-in boot-up

routine as an integral part of BASIC [Ref. 4]. The boot-up

process addresses the "SYSB5I.HP-UX" file on the hard drive's

root directory for loading various function drivers called

"Binaries". Integration of the HP14753A CAT programming

package in the present work required modification to the

SYSB51 file to provide sufficient RAM space to operate the CAT

programs12.

The boot-up process is initiated when power is

applied to the HP9000. The CRT begins displaying a series of

screens during the boot-up. With the modification which was

made to the SYSB51 file, completion of the boot-up process now

gives the screen display shown in Figure 31, which is

generated by the AUTOST program file. This screen, referred

12 Refer to Ref. 4, chp 5 and Ref. 15, pg. 1-5, for
details on the SYSB51 file modifications.
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to as the "Main Menu", provides a function key selection menu

to access the operations available on the HP9000.

SP9000 Series 300 Computer Data Acquisition Syster

Item: Select Function Key

Turbocharger Lab (*) 1
Transonie Compressor Lab (*) 2
Turbine Design Program (*) F3
Multi-Progrmmer Opertion (HPS9O4A) P4
Work directory () 15
Backup Files F6
HPg000 Program Listing and Information F7
zxit Menu F8

Note: Binaries required for HP14753A CAT program are loaded
to operate the BP6944A Multi-progr-mer.
Additional binaries axe loaded with selection (*).

If Error 2 occurs: Memory overflow; reboot system using
SYSBOOT statement and reselect desired directory.

User 1 Cape Command
TURBO CGMPRI3 DESIGN UPI4753A WORK BACKUP PROGRAM EIT

CKARGER LAB CAT DIR LISTINGS MENU *

Figure 31 HP9000 Initial CRT Screen Display

Selection of the "F8" function key clears the

screen and places the user in the root directory. At any time

when the term "idle" is displayed in the lower right corner of

the CRT screen, there are no programs in execution, and the

user can make keyboard command entries.

There are five essential, rudimentary commands

that the user needs to know to use BASIC13 . These commands

are LOAD, RUN, CAT, MSI, and RE-S IRE. The LOAD command will

load the program which is named between quotes into the HP9000

RAM. RUN will execute the program currently in RAM. CAT will

13 It is recommended that the user reviews Ref. 13 and
14 for an operational understanding of BASIC.
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list to the CRT screen all the files on the current storage

drive and directory. MSI ("MASS STORAGE IS") will select a

directory and/or drive to be what is named between quotes.

The RE-STORE command copies the program in the RAM to the file

on the currently named MSI. Caution must be applied when

using the RE-STORE command. This command will write over any

previously existing program with the same name, resulting in

the loss of the previous program.

Return to the Main Menu is possible from any

directory on the hard drive. Located on the root directory of

the hard drive is a program called "RETURNMAIN". Load the

program by typing the following commands:

6 LOAD "/RETURNMAIN", followed by the <Enter> key

4 RUN, followed by the <Enter> key

The "/" character identifies the root directory. The above

two steps apply for loading and executing any program.

(2) Operatina the ZOC-14 DAS Program

The ZOC-14 DAS Program uses function keys and

selective keyboard data entries. The following steps should

be followed to operate the ZOC-14 DAS.

1. Main Menu: Depress function key F4 (Figure 31) to
call-up the HP Multi-programmer Operating Menu.

2. HP6944A Operation Menu: Depress function key Fl to
call-up the ZOC-14 Modules Menu.
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3. Zoc Electronic Pressure Module Operation Menu:
Figure 32 is displayed.

Zoc Electronic Pressure Modulo Operation Menu

Ite: Select Function Key

Scan 1-3 ZOC-14 Modules (32 ports a.) Fl
Read reduced data from ZOC-14 module F2
Plot reduced data from ZOC-14 module F3
Read CALSYS 2000 calibration pressures F4
Read tabulated calibration data F5
Plot Calibration data F8

HPS9A4A Main Menu F7
Exit Menu r8

User 1 Cap* CommandSCAN 1-3 READ ZOC PLOT ZOC READ TABULATE PLOT CAL RPM944A EXIT
ZOCS DATA DATA CALSS20 CAL DATA DATA I1U MEU •

Figure 32 Zoc Electronic Pressure Module Operation
Menu

4. Check: Ensure that the CALSYS2000, ZOC Enclosure and
HP6944A are properly connected and energized.

5. Check: Ensure that the nitrogen gas supply is
connected to the CALSYS2000 and about 90 psi is set
on the regulator.

6. CALSYS2000 Regulators: Set the High, Medium, and Low
Pressure regulators on the CALSYS2000. The three
pressure values should be evenly distributed within
the span of the ZOC's positive pressure rated range.
Precise settings are not critical. Since 50 psid
and 15 psid ZOCs are used presently, set the
regulators between 0-30.6 inches of mercury to avoid
over pressurizing the 15 psid ZOCs.

7. CALSYS2000 Verification: Select function key F4
(Figure 32) to cycle the CALSYS2000 and verify the
pressure settings. (Note: This should be done
whenever the CALSYS2000 is first energized to clear
the RS-232C of noise). Completion of this step
returns the HP9000 to the ZOC operation menu.
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S. Load SCAN ZOC 05: Select function key F1 (SCAN
ZOCS) from the ZOC operation menu to initiate ZOC
scanning program SCANZOC_05.

9. Introduction: A series of screen displays occur
while SCAN ZOC_05 is loading. The "Introduction"
screen (Figure 33) is displayed indicating that the
program is waiting for a function key input.

Introduction. Progrm SCAhZOC_05:

- Scans 1-3 Zo€-14 Modules simultaneously (32 pressure sensing ports each).
- Uses Zero Operate Calibrate (ZOC) principal:

- Collects raw pressure data (Zero Operate)
- Collects calibration data (Calibrate)
- Reduces and stores data on selected hard or floppy drive.

- CALSYS2000 Calibration Module used for the reference pressure standard.
- Raw pressure data reduced using calibration data from CALSYS2000

and Zocs in the calibration mode.

Input variables: Hard and Floppy drive for data storage
Simple frequency per part (1-50,000 Hz)
Smples per Port (1-1021)
Nuer of Zocs and their capacity

Output file$: Raw data - Z (Zoc#)(Date YMMDD)(Rum#)
Calibration - ZC(Zoc#)(Date YMDD)(Run#)
Reduced data ZR(Zoc#)(Date YMMD)(Run#)

Select 12 key for Key Menu, F3 for systam inputs, or FS for data reduction.

User 1 Caps Command

Intro Kly Set-up Data Collect Reduce List Exit
Menu Props Data Data Copy *

Figure 33 SCANZOC_05 Introduction Screen

10. Set-up Selection: Select function key F3 (Set-up) to
initialize the program. The "Set-up" screen will be
displayed. (Note, selection of F4 or F5 at this time
results in an error message and asks for re-
selection.)

11. Set-up Inputs: The user will be prompted for the
designated data storage drive (select :,700,0,1 if
equipped)14, data acquisition rate, the number of

14 The program operates on multi-partitioned hard drives.
TPL's HP9153C Disk Drive has two partitions. Drive :,700 is
the main drive and is in HFS format with 10 Mbytes of space.
Drive :,700,0,1 is the second "DATA" drive and is in LIF
format with 30 Mbytes of space. LIF format has faster data
transfer rates.
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samples per port (scans) of data to be taken, and
the number of ZOCs to be used. For each ZOC, the
user will be prompted for the CALMOD to be assigned
to the ZOC. Currently only one CALMOD is installed.
Enter 1 for all three ZOCs. When two CALMODs are
installed, enter 1 or 2 to the applicable ZOC
according to the CALMOD regulator settings.

12. Set-up Display: The System Set-up screen
(Figure 34) is updated as entries are made. The
program searches the data drive for data files and
creates the next sequential data file name for the
current date.

Systa. Sat-up.

Data acquisition rate: 10000 Hz
Number of samples per port: 3
Number of Zoc: to be scanned: 3
Total raw data acquisition time: .0093 sec.
Total calibration data acquisition time: 10.5155 goo..

Data storage disc -x:,700,0,1
Data will be atored in the following files beginning with Run # 1

Raw data file: ZW1204291
Calibration data file: ZC1204291
Reduced data file: ZR1204291

Raw data file: ZW2204291
Calibration data file: ZC2204291
Reduced data file: ZR2204291

Raw data file: ZW3204291
Calibration data file: ZC3204291
Reduced data file: ZR3204291

Figure 34 SCANZOC_05 System Set-up Screen

13. Data Collection Preparations: Select function key
F4 (Data Preps) for data collection preparations
(Figure 35).

14. Collect Data: Select function key F5 (Collect data)
to begin data collection. The CRT will display the
results of the collection as illustrated in
Figure 36.

15. Data Reduction: To reduce data, select function key
F6 (Reduce Data). To make changes to the Set-up,
select function' key F3. To conduct another raw data
collection run, select function key F4. To exit the
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program, select function key F8. Selection of F6
results in the display illustrated in Figure 37.

16. List/Copy Files: Selection of function key F7 (List
Files) will list all current data files on the
storage drive as illustrated in Figure 38. The user

Oats Collection Preparation.

Check list:
- HiScan CALSYS2000 on-line
- Calibrator supply line valve is OPEN (on back of Hiscan)
- CALSYS2000 (Nitrogen) pressure source at 90 psi

Select F5 to start data aquisition

User 1 Caps Command
Intro Kay Set-up Data Collect Reduce List Exit

Menu Preps Data Data Files *

Figure 35 SCANZOC_05 Data Preparations Screen

will be prompted if he wants to store all the listed
files to the floppy drive :,700,1. Selection of
"Yes" results in the over-writing of the old files
with the same file name.

17. Exit: Select. function key F8 (Exit) to exit the
SCAN ZOC 05 program and return to the ZOC operation
menu (Figure 32).

3. Data Analysis and Auxiliary ZOC-14 Programs

a. Utility Procrams

The ZOC operation menu (Figure 32) displays several

utility programs which were written for system analysis and
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Collecting raw pressure data.

Raw data collection complete.

Raw pressure data: Run# I Zoc# I storage drive file ZW1204291:,700.0,l
Raw pressure data: Run# 1 Zoc# 2 storage drive file ZW2204291:,700.0.1
Raw pressure data: Run# 1 Zoc# 3 storage drive file ZW3204291:,700,0.1

Collecting calibration data.
Calibration data: Run# 1 .Zoc# 1 * storage drive file ZC1204291:,700,0,1
Calibration data: Run# , Zoc# 2 storage drive file ZC2204291:,700,0,l
Calibration data: Run# 1 Zoc# 3 , storage drive file ZC3204291:,700,0,1

Calibration data collection complete.

*** Secure Calibrator pressure valve to conserve Nitrogen ***

CALSYS2000 Calibration modes and pressures (in Hg):

Mode Zoe #1 Zoe #2 Zoc #3
NH -30.1544 -30.1544 -30.1544
NM -17.9976 -17.9976 -17.9976
NI, -7.3819 -7.3819 -7.3819
ZO .0034 .0034 .0034
PL 7.4005 7.4005 7.4005
P?* 18.0194 18.0194 18.0194
Ps 30.2072 30.2072 30.2072

Select F4 for another data run, or F6 to reduce data

User I Caps Command
Intro Key Set-up Data Collect Reduce List Exit

Menu Preps Data Data Files C

Figure 36 SCANZOC_05 Data Collection Screen

data display. These utility programs, listed in Appendix A,

are tailored for use with the SCANZOC_05 data file

formats1 5 .

b. ZOC-14 Utility ProQram Application Examples

An air source regulated to 30.0 inches of mercury

gauge was used to verify the acquisition hardware and

software. Application programs were written to analyse the

results.

15 Data files created from previous versions of the
SCAN ZOC programs listed in Appendix B are not compatible with
the listed utility programs.
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Calibration and Raw data reduction and storage.

Current files on storage disc :,700,0,1 for date 20429

ZW1204291 ZC1204291 -
ZW2204291 ZC2204291 -
ZW3204291 ZC3204291 -

Data reduction: Run# 1 , Zoc# 1
Calibration data reduced and transferred to ZC1204291
Raw data reduced and transferred to ZR1204291

Data reduction: Run# 1 , Zoc# 2
Calibration data reduced and transferred to ZC2204291
Raw data reduced and transferred to ?R2204291

Data reduction: Run# 1 , Zoc# 3
Calibration data reduced and transferred to ZC3204291
Raw data reduced and transferred to ZR3204291

Select F3 reinitialize set-up for data collection, or F8 to Exit

User 1 Command
intro Key Set-up Data Collect Reduce List Exit

Menu Preps Data Data Files *

Figure 37 SCANZOC_05 Data Reduction Screen

List Raw, Calibration and Reduced data files.

Data storage drive nme - :,700,0,1

Current files on storage disc for date 20429

ZW1204291 ZC1204291 ZR1204291

ZW2204291 ZC2204291 ZR2204291

ZW3204291 ZC3204291 ZR3204291

Select F2 to return to menu, or F8 to Exit

User 1 Command
Intro Key Set-up Data Collect Reduce List Exit

Menu Preps Data Data Files

Figure 38 SCANZOC_05 List Files Screen

The program "READZOC" (Figure A18) is selected by

function key F2 (READ DATA). The program's results are

illustrated in Figure 39 for ZOC #3 (rated at 15 psid). The
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Period between samples (sac): .0001
Sample collection rat* (Mz): 10000
Number of samples per port: 3
Length of data run (sac): .0093

Data Tabulation for Port # 1 from file: ZR3204291

Sample Time (sac) Pressure (Hg.)
1 0.00000 29.62346
2 .00320 29.56425
3 .00640 29.62346

Data Tabulation for Port # 2 from file: ZR3204291

Sample Time (sac) Pressure (Hg.)
1 .00010 29.62771
2 .00330 29.62771
3 .00650 29.62771

Enter port number for data (O-Ezit):

User I Caps Command
EDIT Continue RUN SCRATCH LOAD "" LOAD BIN LIST BIN RE-STORE

Figure 39 READZOC Data Results

displayed pressure is the reduced pressure value calculated

from the SCANZOC-05 program. The output pressure is derived

using the recorded transducer output voltage and the curve

fitted to the calibration data for the identified port. The

output values are seen to be within 1.3% of the applied

pressure.

The program "PLOTDATA" (Figure A19) is selected by

function key F3 (PLOT DATA). The results from ZOC #3 are

displayed in Figure 40 and Figure 41.

The program "CAL READ PRI" (Figure A20) is selected by

function key F4 (READ CALSYS20). The results are displayed in

Figure 42.

The program "TABULATEZOC" (Figure A21) is selected by

function key F5 (TABULATE CAL DAT). This program displays the
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Program plots reduced data from file ZR3204291

Statistics for Zoc 0 3

Period between samples (mecc): .1
Sample collection rate (Hz): 10000
Number of samples per port: 3
Length of data run (masc): 9.5

Data point can be plotted as a continuous line, or square*.

Note: Wait for symbol 1*1 in lower right corner of CRT to change
to a '-' before pressing <Shift--Dump Graph>

User 1 Caps Comiand
EDIT Continue RUN SCRATCH LOAD "" LOAD BIN LIST BIN RE-STORE

Figure 40 PLOT-DATA Alpha Screen Display

Reduaed Data Plot e. PePt4 I
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Figure 41 PLOTDATA Graphic Screen Display

first three reduced data samples of selected ports, and the

associated calibration data for each selected port. Figure 43

displays the results for ZOC #3.

60



Program: CAL READPRI

This progrm sequentially sets the CAL2000 calibration
modes and reeds the corresponding Internal Pressure Standard
for that mode.

PH Positive high range pressure to CAL(+)
PM Positive mid range pressure to CAL(+)
PL Positive low range pressure to CAL(+)
ZO CAL(+) & RIEF(-) connected together
ML Negative low range pressure to RF(-)
N" Negative mid range pressure to REF(-)
NH Negative high range pressure to REF(-)

CAL2000: Calibration modes and pressures.

Mode Pressure (in Hg)

NH 30.1606
NM 17.9945
NL 7.3788
ZO .0034
nL 7.3912
PH 18.0194
PM 30.2072

Figure 42 CALREADPRI Results

Program tabulates Zoo pressures and calibration data from
the SCAN ZOC 05. program.
Reduced Data Tabulation et a sample rate of 10000 Hz

Port Sample 1 Sample 2 Sample 3
1 29.823 29.564 29.623
2 29.628 29.628 29.628
3 -. 414 -. 414 -. 351
4 -. 495 -. 425 -. 425

Calibration Data Tabulation for Zoc# 3

Pressure voltage readings:
Port NE NH NL zo Pt PM PH

0 -30.154 -17.998 -7.382 .003 7.401 18.019 30.207
1 -2.194 -1.310 -. 521 .040 .723 1.688 2.704
2 -2.594 -1.C89 -. 850 -. 276 .450 1.478 2.549
3 -1.853 -1.018 -. 250 .272 .909 1.820 2.770
4 -1.770 -1.036 -. 362 .101 .673 1.485 2.320

Calibration polynomial coefficients for Zoc# 3
Port AO Al A2 A3
1 -1.00116186204 11.8955586742 -. 435562698234 .106534210924
2 2.45870376346 11.1095966035 -. 349715337703 .0940454333066
3 -3.96668335674 12.8254266665 -. 523187753647 .119575469008
4 -1.98202140047 14.2260022322 -. 645728820628 .20262038018

Figure 43 TABULATEZOC Results

The program "LSPLOT" (Figure A22) is selected by

function key F6 (PLOT CAL DATA). Figure 44 displays the

calibration data with voltage verses CALMOD calibration
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Figure 44 LSPLOT Graphic Results

pressure (squares), and the curve fitted to the collected data

by the least squares method (continuous line). The results

are from port #1 on ZOC #3.
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III. DISCUSSION

A. Upgraded Capabilities

The ZOC-14 DAS provides the capability to perform fully

automatic high-speed pressure data aquisition, data storage

and reduction. For the Gas Dynamics Laboratory (GDL), this

upgraded capability allows very short run-times in the

transonic and supersonic wind tunnels, resulting in greatly

reduced electrical power consumption by the laboratories air

compressors and the elimination of delays between wind tunnel

tests. Additionally, wind tunnel models will have a longer

useful life. The shorter run times will reduce model erosion

and the net effect is a reduced cost to operate the wind

tunnels and to maintain models.

The HP9000 now serves as the controller for the DAS's in

each of the three laboratories comprising TPL and GDL. Each

DAS includes Hewlett Packard HP-IB compatible instruments and

the HG-78K Scanivalve Controller. Low speed pressure data

acquisition, using the HG-78K to operate the Scanivalve rotary

port pressure sensing unit, is retained. However, for

turbomachinery measurements, phase-lock data acquisition using

TPL's Digital Programmable Timing Device (or PACER), can not

yet be performed using the HP9000 to replace the HP1000 [Ref.

24]. TPL's PACER is electrically hard-wired into the HP1000
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as an I/O device. However, the integration of the HP9000 and

HP6944A, as demonstrated in the ZOC-14 DAS, is known to

provide the interface capability to operate the PACER.

Temperature and low-speed pressure measurement data

acquisition and processing using the HP9000 has been

demonstrated in turbocharger performance mapping laboratories

and transonic wind tunnel thesis research [Ref. 25]1". The

HP9000 was shown to provide improved data'storage handling and

display capabilities (over the HP1000 system) using the HP9153

series hard/floppy disk drive and HP7475A plotter.

Development of the ZOC-14 DAS served to identify the

programming and integration requirements, and the capabilities

of the HP9000 and HP6944A as a subsystem. The HP9000/HP6944A

as a controller and data acquisition sub-system provides to

TPL and GDL the potential for extension in several prospective

applications.

B. ZOC-14 DAS Outstanding Issues

The ZOC-14 DAS development is not fully complete. Several

hardware, software, and performance issues need. to be

resolved, namely;

4 Hardware: The CALSYS2000 is using only one CALMOD to
provide calibration pressures for a specific ZOC operating
range. A second CALMOD is required.

16 Appendix D, Figures D3-D6 are HP9000 controlled
Turbocharger Performance Mapping and data display programs.

64



* Hardware: It was not possible to set the "PURGE" mode to
clear pressure sensing lines using nitrogen gas supply.

# Software: SCAN ZOC 05 uses a "set" 1.5 sec time delay to
account for calibration pressure stabilization during the
calibration process, vice a technique to monitor the
calibration pressure and digitize when found to be stable.

* Performance: The maximun data sampling rate acheivable
with the ZOC modules needs to be verified.

* Performance: A data error analysis needs to be carried
out.

* Performance: The calibration of the CALMOD Pressure
Standard needs to be verified.

Some elaboration of each of these issues follows.

The use of the present one CALMOD results in only the 15

psid ZOC being calibrated over its full pressure range when 15

psid and 50 psid ZOCs are used in the DAS. The 50 psid ZOC

must be used without the 15 psid ZOCs if they are to be

calibrated and used over their full range. This would reduce

the pressure data measurement availability from 96 (3x32) to

32 ports. Installation of a second CALMOD would allow

independent calibration of the 15 psid and 50 psid ZOC

modules. The program SCANZOC_05 incorporates the steps to

use two CALMODs, and requires no modifications.

The PURGE mode is set by providing control gas through

both the Px and CAL control lines as illustrated in Figure

8.17 Currently, the required control gas pressure is not

provided by the PSC when the appropriate command is sent from

17 Refer to Ref. 17, dwg 17750, PNEUMATIC DIAGRAM OF PSC.
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the HP9000 to the CALMOD. The commands to set the PURGE mode

are "aEC 8 Y" followed by "aEC 10 N" to set the solenoids in

the PSC.

The calibration process requires a stabilization time

delay to elapse between the setting of a calibration mode and

the sampling of the calibration pressure by the Pressure

Standard. The best method to determine the required time

delay is to continuously sample the calibration pressure until

the pressure stabilizes, then record the calibration pressure.

The program SCANZOC_05 uses an empirically derived 1.5 sec

"wait period" between the calibration mode selections and the

pressure sampling. This time value was determined using a

modified CALREADPRI program, stopwatch and oscilloscope.

CAL READPRl was modified with a PAUSE statement to allow

observation of the ZOC voltage signal on the oscilloscope.

When the signal appeared to stabilize on the oscilloscope, the

CONTINUE key (F2) was depressed to sample the pressure and

select the next mode. The times for six complete mode

selections were recorded. The average time was found to be

1.34 seconds between depressions of the CONTINUE key. The

value of 1.5 seconds was selected as a conservative value to

use for the time delay.

The maximum sample data collection rate has not yet been

realized with the ZOC-14 DAS. Preliminary observations

revealed a random fall-off in pressure values when the "input"

data sampling rate was greater than 50 KHz. A more careful
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analysis of the sampling rate is required to validate the

current 50 KHz value and to determine the maximum dat7.

sampling rate.

An error analysis of the ZOC-14 DAS is required to

determine the accuracy of the data collection and reduction

process. The HP67959A A/D Cards have a documented resolution

of five milli-volts for their factory set configuration as

installed in the HP6944A. The Pressure Standard mounted in

the CALMOD has accuracy specifications documented in Reference

17. The ZOCs have measurement accuracy specifications

documented in Reference 16. The numerical Least-Squares curve

fitting routine introduces a so-far unspecified uncertainty.

The reduced pressure readings provided in Figure 39 compared

to the 30.0 inches of mercury source pressure, provide only a

single example of the pressure measurement uncertainty given

by the DAS 18 . Derivation of the overall system uncertainty

needs careful attention.

The Pressure Standard's calibration has not been verified

since it's delivery. Calibration verification is essential

prior to accepting pressure measurement data. Accordingly,

the CALMOD calibration coefficients, derived from the

calibration verification, need to be changed on the CALMOD

18 Uncertainty in the source pressure of 30.0 inches of
mercury as measured by the TPL Calibration Pressure Manometer
needs to be considered in the uncertainty analysis.
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EPROM. Reference 17 provides the details to conduct Pressure

Standard calibration and coefficient changes on the EPROM.

C. Potential Extensions and other Applications

The HP9000/HP6944A subsystem provides the hardware

features necessary to integrate computer control of

experiments with the data acquisition process. Three

immediate applications using the HP9000/HP6944A are identified

here:

* The TPL PACER can be interfaced with the HP9000/HP6944A to
provide phase-locked data acquisition capability19 .

* Kulite pressure probe measurements can be acquired using
the analog signal from the conditioning amplifier. The
signal would be routed directly to the Buffer A/D Function
input connector, using the Timer Function to set the data
collection rate and number of samples.

* GDL's transonic and supersonic wind tunnels can be
operated with fully automated data acquisition and
experiment control systems. The tunnel's manual back-
pressure valve, and electro-servo controlled translating
survey probe can be operated by the HP9000/HP6944A to give
fully automated control.

19 Preliminary TPL PACER interfacing techniques have been

examined but not yet documented.
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IV. CONCLUSIONS

The DAS upgrade and extension which is reported here has

included the adoption of the HP9000 as a controller for

existing HP-IB compatible DAS instrumentation, the generation

of acquisition and reduction software for the existing system,

and the development of a new high-speed pressure data

acquisition capability. The new high-speed system involved an

integration of the HP9000 with the HP6944A Multiprogrammer and

with Scanivalves's ZOC-14 and CALSYS2000 systems. In the

present account, emphasis has been placed on reporting the

development of the ZOC-14 DAS. The hardware and software for

the system have been successfully demonstrated. It has been

shown that the use of the system in the Gas Dynamics

Laboratory can reduce wind tunnel test times by a factor of

20.

Six issues concerning the present hardware and software

have been identified as needing to be resolved, and immiediate

applications of the HP9000/HP6944A system to Kulite and Phase-

Locked data acquisition, probe survey and tunnel condition

control, have been identified. The programs and experience

reported in the present document can serve to guide these

extensions.

The key to developing the capabilities resident in the

HP9000/HP6944A system is a thorough familiarity with HP BASIC
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and HP14753A CAT programming. Therefore, the recommendation

is made that formal instruction in this language and

programming techniques be provided before the recommended

extensions of the system are attempted.
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APPENDIX A. ZOC-14 PROGRAMS

Appendix A is a compilation of pertinent information and

programs used to operate the ZOC-14 DAS.

Figure Al is the ZOC-14 DAS program configuration file,

"ZOCCONFIG_05", print-out for the I/O Cards installed in the

HP6944A. The print-out is produced using the CAT program

"DOCUMENT". The DOCUMENT program is located on the "/HP6944A"

directory (Figure Dl). ZOCCONFIG_05 is a BDAT file located

in the /HP6944A directory.

Figures A2 through A16 are parts of the SCANZOC_05

program flow chart. Figure A17 is the SCANZOC_05 program

listing with program-specific remarks anotated after the "!"

character.

Figures &LS through A22 are ZOC-14 DAS utility programs

located on the /HP6944A directory.

Figure A23 is the program used to display the ZOC

operation menu, and define the function keys to provide menu

item selection by function keys.
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File Name: ZOC-CONFIG-05
User ID: 26 Apr 1992 16:53:12
List of Names:

Bufferl Adcl Buffer2
Adc2 Buffer3 Adc3
Timer

Configuration for Bufferl
Model Buffer

Multiprcsgrmmer Type ... RPS954A or HP6944A
Interface Select Code .. 29
Frame ......... 0
Slot .......... 0
Initial Mode .......... FIFO
Initial Lockout ....... Off
Timeout ....... 10
Memory Type .... 69791A
No of Extenders ... 0
Ref Reg 1 .. 0
Ref Reg 2 ... 0
Buffer Direction .. In
Front End Type .. 69759A
A/D Names: 1 . Adcl
2 None
3 None
4 None
5 None
8 None
7 None
a None

Configuration for Adcl
Model 69759A 500 KHz A/D

Multiprogr mer rtype ... BP6954A or HP6944A
Interface Select Code .. 29
Frame ......... 0

Slot .......... 7
Full-scale Range ........ +-10.24 volts
Initial Internal Range ... 10
Range Source ............. Internal
Scanner .................. None
Timeout .................. 10
Data Conversion ........... Standard
Internal Trigger .......... Disabled
External Trigger .......... Enabled
Trigger Mode .............. Multiple
Trigger Polarity .......... Negative
Lockout Polarity .......... Disabled
Master Output Enable ...... Enabled
Mux Output Control ........ Disabled
External Output Enable .... Disabled
Gate .. ................. Mu ltiple
Return Data With .......... Sign Extension

I Pasg I )
ZOC-CONFIG 05

Figure Al ZOC-14 Configuration File
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Configuration for Buffer2
Model Buffer

Multiprogrommer Type ... EP6954A or HP6944A
Interface Select Code .. 29
Frme ......... 0
Slot .......... 2
Initial Mode .......... FIFO
Initial Lockout ....... Off
Timeo.t ....... 10
aeiory Type .... $9791A

No of Extenders ... 0
Ref Reg 1 .. 0
Rof Reg 2 ... 0
Buffer Direction .. In
Front End Type .. 69759A
AID Names: 1 . AdcZ
2 None
3 None
4 None
S None
6 None
7 None
8 None

Configuration for Ado2
Model S9759A 500 XIs A/D

Multiprogrimr Type, ... 8IGO34A or PS944A
Interface Select Code .. 29
Framie ......... 0
Slot .......... 9
Full-scale Rang ........ +-10.24 volts
Initial Internal Range ... 10
Range Source ............. Internal
Sc anner .................. None
Timeout .................. 10
Data Conversion ........... Standard
Internal Trigger .......... Disabled
External Trigger .......... Enabled
Trigger Mode .............. Multiple
Trigger Polarity .......... Negative
Lockout Polarity .......... Disabled
Master Output Enable ...... Enabled
Max Output Control ........ Disabled
External Output Enable .... Disabled
Gate Mode .................. Multiple
Return Data With .......... Sign Extension

Page 2 I
ZOCCONFIGO5

Figure Al (cont) ZOC-14 Configuration File
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Configuration for Buffer3
Model Buffer

Multiprogrweuer Type ... HP6954A or HP6944A
Int•rface Select Code .. 29
Frame ......... 0
Slot .......... 4
Initial Mode .......... FIFO
Initial Lockout ....... Off
Timeout ....... 10

emowry Type .... 69791A
No of Extenders ... 0
Ref Res 1. . 0
Ref Res 2 ... 0
Buffer Direction .. In
Front End Type .. 69759A
A/D Neame: 1 . Adc3
2 None
3 None
4 None
5 None
6 .None

7 None
8 None

Configuration for Adc3
Model 59759A 500 KHz AID

Multiprogamomr Type ... EP9S3SA or HS94A
Interface Select Code .. 29
Frmo ......... 0
Slot .......... 11
Full-mealo Range ........ +-10.24 volts
Initial Internal Range ... 10
Range Source ............. Internal
Scanner .................. None
Timeout .................. 10
Data Convereson ........... Standard
Internal Trigger .......... Disabled
External Trigger .......... Enabled
Trigger Made .............. Multiple
Trigger Polarity .......... Negative
Lockout Polarity .......... Disabled
Meater Output Enable ...... Enabled
Mux Output Control ........ Disabled
External Output Enable .... Disabled
Gate Modo .................. Multiple
Return Data With .......... Sign Extension

Page 3 ]
ZOCCONFIG_05

Figure Al (cont) ZOC-14 Configuration File
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Configuration for Timer
Model Timer

Multiprogrmmner Type ... HP6934A or HP694A
Interface Select Code .. 29
Timer-Pacer Frame .. 0
Timer-Pacer Slot .. 13
Counter Frame ...... 0
Counter Slot ...... 15
Counter isze ... 15 Bits
Timeout ........ 10
Data Conversion ........... Standard
Run Time Limit Checking ... No
Initial Period ........ 2.E-8
Initial Count ......... 0
Digital Out Controller .. No

(page 4 ]

ZOC-CONFIG 05

Figure Al (cont) ZOC-14 Configuration File

75



Reserve COMmon memory space for
block names /Issscom/Isssheap
/Names/ for use in the application
program

Load configuration file ZOCCONFIG_05

Keylabel:
Define program function keys

Intro:
Display Introduction screen

A Hold:

iGOTO Hold
key (fn)No

Yes

B

Figure A2 Program: Start-up and Initialization
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fl: Display f2: Display f 3: Establish
Introduction Operating Menu initial program

data collection
parameters in

Set-up

f :1 Display Data f 5: Begin Data1
Collection Preps Collection f6: Begin DataReduction

f7: List Files fs8: Exit program
to the screen, or
Copy files to
Floppy

Figure A2 (cont) Program: Start-up and Initialization
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fi

Intro:

Display Introduction page to Screen

GOTO Hold]

A

If2

Key_ menu

IDisplay ZOC-14 Operating Menu
to the screen

GOTO Hol~d

A

Figure A3 -Program: Introduction and Operating Menu
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Input:

Sset array ZOCCAL = 01

Determine Date < FNDate$

INPUT Hard drive designation for data storage

INPUT Data sampling rate
i

INPUT Number of samples per port

INPUT Number of ZOCs connected to Multiprogrammer

Exit loop FOR-NEXT

SCALL File•

INPUT CALMOD2000]

designated for ZOC

Display Set_up parameters

Display data file names from File

GOTO Hold

Figure A4 Program: Set-up Parameters
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Data-pep

IF RunProgram has
=0 no Set-up

parameters

<>0 Display:
Select f3

GOTO Hold

Display Data Collection Preparation requirements

Initialize CALSYS2000
I

GOTO Hold

Figure A5 Program: Data Collection Preparations
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f5

Collect-data:

•0 no Set-up

parameters

<>O =Dipla:y:Select f3

GOTO Hold

Calculate Count value for Timer function

CALL ScanzocsD

F Raw data collection completed

IR aw-data-xfer:

Exit loop FRNX

(l oo . for '
Fib re ~~1- A6~ Pr g amOaaRole t o

loop 

FO 
-N



Calibration data collection routine!

Create raw calibration data arrays

SCalculate Count value for Timer functionI

SSet initial values in calibration data arrays!

SCollect cal_dat:1

Exit loop / FOR-NEXT

ExitloopFORNEXT

Figure A6 (cont) Program: Data Collection
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D

SRe-initialize CALSYS2000

Display CALMOD2000 calibration pressure settings
I

GOTO Hold

Figure A6 (cont) Program: Data Collection
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Resduced~t:
[Calibration and raw data reduction and storage

=0 for reduction

<>0 INPUT Number of ZOCsI

,;.,I
JINPUT Data storage drive1

Exit loop ORNX

lDisplay current daaflson storage drivel

Exit loop FRNX

GOTO Hold CL a-e-a

Figure A7 Program: Data Reduction and Storage
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View data file listingl

F C INPUT Date of data=0 1 for reduction

<>i INPUT Number of ZOCs

INPUT Data storage drive

Exit loopFO

Dispa current data files on storage drivel

Yes . ICopy data files from

# No~ Hard drive to Fop

SGOTO Hold A

Figure A8 Program: Data File Listing and Storage
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Finish:

LOAD ZOCMENU and execute

Exit SCANZOC_05 program

SFNDate$•

Enter TIMEDATE

FCalculate date value

RETURN Date in form YMMDD

FNDate$

Figure A9 Program: Exit / Subprogram: FNDate$
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CSUB File

SI Assign_file:

Define a raw data file name and storage drive]

ies

< I YesNO

Assign raw data file name to Files array

sefine a calibration file name and storage driver

exits PURGE raw data file

< 

No

Define a reduce data file name and storage drive

File
Assign reduce data file exi-sts?
.name to Files array Yes

7ý No

Figure A10 Subprogram: File
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Fin:

Assign raw data file name to File$ array

Assign calibration data file name to File$ array

Assign reduce data file name to Files array

SUBEND

CFile

Figure A10 (cont) Subprogram: File
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SUB Scanzocs

Calculate waiting time to allow Timer
function to complete its tasking

I7
F Set Wait time in Timer

Set Count value in Timer

Set Timer pulse length of output signal

Initialize the Buffer functions

Start the Timer to begin data acquisiticn

Exit subroutine when Timer
has completed its tasking

SUBEND

Scan-zocs

Figure All Subprogram: Scanzocs

89



SUB Raw_dat

Create an Integer Buffer array Raw data
to store data from the Memory card-

Assign file:

Select Raw data filename from Files
array for a specified Run number

I
TREATE BDAT raw data file onM
designated storage drive

I IfBDATrawCALL File

fiearayt increment File$
exist jon E Yes tonext file name

S~No

Trnfr a aa from Memory card

Fiur compuffer array RawRdataa t

Transfer raw data from buffer to BDATdata file on the storage drive

I

Figure A12 Subprogram: Raw dat
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Send command instruction to CALSYS2000

ENTER CALSYS2000

pressure value into
Zoc cal array

Figure A13 Subprogram: Cal2000
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SSUB Cal_dat

Transfer calibration data
from array Cal to Zoccal

S elect calibration data filename fromI
File$ array for a specified Run numLzr

CREATE BDAT calibration data file i
on designated stcorage drivei

r
Transfer calibration data from Zoc calto BDAT data file on the storage drive

I
iSUBEND

Figure A14 Subprogram: Caldat
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Select calibration, raw, and reduced
data filenames from File$ array for
a specified Run nuniber

If reduc
file already SUBEND Rawreddat

exist o Yes

Datareduction:

Load calibration data from designated
storage drive into computer memory

Create routine specific
arrays for data reduction

Least Squares curve fit routine
to derive polynomial coefficients

F

Figure A15 Subprogram: Rawreddat
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Store Least Square Coefficients
into array Zoc cal

OUTPUT (store) reduced calibration
data to designated storage drive

Create arrays to reduce Real raw data

SCREATE BDAT Real data file on soaedrivye

Exit Lop o

loop / translating
raw data to real ENTER Block of 32 samples

•data for each/ FOR into Integer arrý-y

1 B0Boc Data-integer

O Translate Integer data to
Real data in Real array
Data-real

OUTPUT (store) reduced raw data]to designated storage drive

T SVBEND

SRaw._re~d_dat

Figure A15 (cont) Subprogram: Rawreddat
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A SUB File scana

As i con data .file e t SUBEND ar ayS• False

Define a raw data file name and storeage drive

Fil

<: ? No

Yes

S Assign cairatio data file name to File$sra

SDefine a cairation data file name and storage drive ,

Figure A<6 Subprogram: File_scan
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SiiS No
SYes

[Assign reduced data file name to File$ arrayI-

IF Assign,_file

daa il Set File in storage=l

Yes

File in soaeSet WHILE Loop False ,0

number orusSet WHILE Loop False

Figure A16 (cont) Subprogram: File-scan
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10 1 Program: SCAN ZOCS05
20 Description: Application program to operate HP6944A collecting pressure
30 readings from 1-3 ZOC-14 32 port modules using the CALSYS
40 2000 to provide calibration data, reduce raw pressure data
50 and store data to the herd drive.
60 1 Rardware: (1) BP6944A Multi-processors
70 - (3) 500 kHz A/D Cards (HP69759A)
80 - (3) High Speed Memory Cards (HP69791A)
90 I - (1) Timer/Pacer Card (5P69736A)
100 - (1) Counter Card (HP69775A)
110 1 (1) HiScan CALSYS 2000 Calibration Module
120 1 (3) ZOC-14 32 port Electronic Pressure Scanning Modules
130 I Notes: 1. This program utilizes up to three (3) ZOC Modules storing data
140 I of each ZOC into a separate buffer Memory System (HP69791A).
150 2. CCH /Nameu/ line and BDAT file ZOCCONFIG_05 must match for
10 this program to operate.
170 3. CALSYS2000 requires a short period to stabilize before reading
180 I the pressure valves. The Pause for statement sets (line 470) this
190 1 wait period in seconds. Adjustment of the variable my be required
200 I as additional ZOCa are integrated into the Data Acquisition System.
210 1 4. CALSYS2000 currently configured for one (1) calibrator. This
220 ! program is written to operate one (1) or two (2) calibrators.
230 I
240 1 Buffer Memory: 65536 15-bit data words in HP69791A per system
250 I Timer: Maximum 32767 counts for one HP69775A (32"1023-32736 data points)
250 1 Max speed of BP system is Period-0.000002 sec. or 500 kHz.
270 1
280 CO4 /Issscom/ INTEGER X(1:1106)
290 COM /Isshbeap/ loss heap(1000)
300 CN /Nmes/ Dufferl,Adcl,Buffer2,Adc2,Buffer3,Adc3,Timer
310 Configure("Menu off","ZOC CONFIG 05")
320 IConfiguze("Ask me","ZOC CONFIG_05")
330 1
340 Key label: I ------ KEY LABEL ASSIGNMENT ------------------------------------
350
360 KEY LABELS ON
370 ON KEY I LABEL "Intro" GOTO Intro
380 ON KEY 2 LABEL "Key Menu" GOTO Keymenu
390 ON KEY 3 LABEL "Set-up" GOTO Input
400 O KEY 4 LABEL "Data Preps" GOTe Data_prep
410 ON KEY 5 LABEL "Collect Data" GOTO Collect data
420 ON KEY 6 LABEL "Reduce Data" GOTO Reduce data
430 ON KEY 7 LABEL "List Copy" G0T0 View-files
440 ON KEY 8 LABEL "Exit" GaTe Finish
450
460 Initializespac: I ----- ASSIGN MEMORY SPACE
470 Pause forl-1.5 I Wait time for CALSYS2000 stabilization
480 ! CCO assigns calibration data array for 32 Zoc ports and standard values.
490 CCM /Zoc dat/ REAL Zoc call(33,10) BUFFER,Zoccal2(33,10) BUFFER,Zoccal3(33,10) BUFFER
500 CCO /Stats/ REAL PulseSample n number.Pausefor,INTEGER Calmod id(3),DateS[6],Run
510 CO*1 /Files/ FileS(l:99.1:9)[14],Data drive$(Sll !Data file & storage drive.
520
530 DIM Command mode$(l:7)[2)
540 Command modeS(1)-"NR"
550 CommandmodeS(2)-"NH"
560 CommandmodeS(3)-"NL"
570 Command modS( 4 )-"ZO"
580 CommandmodeS(5)-"PL"
590 Command modeS(6)-"PMt"
600 CommandmodeS(7)-"PH"
810 I

620 Run-O
630 Data reduced0O
640
650 Intro: ! ----- INTRODUCTION SCREEN ------------------------------------------

Figure A17 ZOC-14 DAS Program: SCANZOC_05
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660 t
670 CLEAR SCREEN
680 PRINT "Introduction. Program SCAN ZOC_05:"
600 PRINT
700 PRINT " - Scans 1-3 Zoc-14 Modules simultaneously (32 pressure sensing ports each)

710 PRINT " - Uses Zero Operate Calibrate (ZOC) principal:"
720 PRINT " - Collects raw pressure data (Zero Operate)"
730 PRINT " - Collects calibration data (Calibrate)"
740 PRINT - - Reduces and stores data on selected hard or floppy drive."
750 PRINT " - CALSYS2000 Calibration Nodule used for the reference pressure standard."
760 PRINT " - Raw pressure data reduced using calibration date from CALSYS2000"
770 PRINT " and Zocs in the calibration mode."
780 PRINT
790 PRINT "Input variables: Hard and Floppy drive for data storage"
600 PRINT " Sample frequency per port (1-50,000 Hz)"
810 PRINT " Samples per Port (1-1023)"
820 PRINT " Number of Zocs and their capacity"
830 PRINT
840 1 Note: BFS Files limited to 14 characters. LIF Files limited to 10 char.
850 1 Output files have a length of 10 characters to support LIF forr at.
860 1 Bard drive :,700 is RFS format. :,700,0,1 is LIF format.
870 1 Floppy drive :,700,1 is LIF format.
880 PRINT "Output files: Raw data -3 ZW(Zocf)(Date YMODD)(Run#)"
890 PRINT " Calibration -> ZC(Zoc#)(Date YH'DD)(Run#)"
900 PRINT " Reduced date - ZR(Zoc#)(Date YHMDD)(Run#)"
910 DISP "Select F2 key for Key Menu, F3 for system inputs, or F6 for data reduction."
920 Hold: I
930 GaT0 Hold
940 1
950 Keymsnu: I ----- MKEY P

* 960 I

970 CLEAR SCREEN
980 PRINT "ZDC-14 Operating Menu."
990 PRINT
1000 PRINT "Fwmction Function Key"
1010 PRINT
1020 PRINT " Introduction Fi"
1030 PRINT " Operating Menu F2"
1040 PRINT " System Set-up F3"
1050 PRINT " Data Collection Preparation F4"

1060 PRINT " Data Collection FS"
1070 PRINT " Data Reduction FT"
1080 PRINT " List Files (Copy files to Floppy) F7"
1090 PRINT
1100 PRINT " Exit F8"
1110 1
1120 00T1 Hold
1130 !
1140 Input:! ---- - INPUT VARIABLES ----------------------------------------------
1150 MAT Zoc call- (0)
1160 MAT Zoc cal2- (0)
1170 MAT Zoc cal3- (0)
1180 MAT Fil;e- (--")
1190 Datee-FNDates(TI'MDATE)
1200 1
1210 CLEAR SCREEN
1220 PRINT "System Set-up."
1230 PRINT
1240 INPUT "Select Hard drive for storing data (0-:,700 1-:.700,0.1)".Drv
1250 IF Drv-O THEN
1260 Data driveS-":, 700,0,0"
1270 ELSE
1280 DatadriveS-":, 700,0,1"
1290 END IF
1300 INPUT "Enter data sampling rate (1-50kHz)!".Hz

Figure A17 (cont) ZOC-14 DAS Program: SCANZOC_05

98



1310 PRINT "Data acquisition rata:":TAB(50);Bz;" Hz"
1320 INPUT "Number of samples per port (1-1023): ",Sample number
1330 PRINT "Number of samples per port:";TAB(50);Sample number
1340 INPUT "Number of Zoo's connected to Multi-programer",Zoc number
1350 PRINT "Number of Zocs to be scanned:";TAB(50);Zoc number
1360 Cal mod id(0)-Zoc number
1370 FOR Zoc case-1 TO Zoc number
1380 SELECT Zoo-case
1390 CASE 1
1400 Run-l
1410 CALL File(1)
1420 ISPUT "Enter Calibration Module number snt for Zoc #1 (Enter 1 or 2):",Cal mod 1d(l)
1430 CASE 2
1440 Run-1
1450 CALL File(2)
1460 INPUT "Enter Calijration Module number set for Zoc #2 (Enter 1 or 2):",Cal mod id(2)
1470 CASE 3
1460 Run-i
1490 CALL Fll-(3)
1500 INPUT "Fate: "alibration Nodule number set for Zoc #3 (Enter 1 or 2):".CalModid(3)
1510 END SELECT
1520 NEXT Zoe case
1530 !
1540 Period-l/Hz
1550 Pulse-Period/2 IPulse length of RP69736A trigger signal
1560 !
1574 PRINT "Total raw data acquisition time:";TAB(50);Poriod*Sample number*31;" sec."
1580 PRINT "Total calibration data acquisition time:";TAB(50);Period-*531+(7*Pausefor);" sec."

1590 PRINT
1600 PRINT "Data storage disc -. ";Datedrive$
1610 PRINT "Data will be atored in the following files beginning with Run #";Run
1620 PRINT
1630 G 1-1 TO Zo number
1640 J(Z-I1)*3
1650 PRINT "Raw data file: ";FileS(Run,J+1)
1660 PRINT "Calibration data file: ";FileS(RunJ+2)
1670 PRINT "Reduced d,,ta file: ";FileS(RunJ+3)
1680 PRINT
1690 NEXT I
1700 I

1710 DISP "Select F4 key to begin data aquisition"
1720 GOTO Hold
1730 1
1740 Dataprep: I ----- PREPARE FOR DATA COLLECTION -----------------------------
1750 CLEAR SCREEN
1760 PRINT "Data Collection Preparation."
1770 PRINT
1780 IF Run0 THEY
1790 PRINT "Program not initialized for data collection."
1800 DISP "Select F3 to initialize Set-up"
1810 GOTO Sold
1820 END IF
1830 PRINT "Check list:"
1840 PRINT " - HiScan CALSYS2000 on-line"
1850 PRINT " - CALIW supply line valve is OPEN (on back of CALSYS2000)"
1860 PRINT " - CALSYS2000 (Nitrogen) preasure source at 90 psi"
1870 !
1880 I
1890 CONTROL 9,5;3 ! Set DTR & RTS to Active for CALSYS2000
1900 OUTPUT 9.VAL3(1);"IC";CHR$(13);END! initialize Calibrator module #1
1910 OUTPUT 9:VAL3(2);"IC";CHRS(13);END! Initialize Calibrator module #2
1920 WAIT Pause-for I Allow CALSYS2000 to set Zocs
1930 !
1940 DISP "Select F3 to start data aquisition"
1950 GOTO Hold

Figure A17 (cont) ZOC-14 DAS Program: SCANZOC_05
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1960 !
1970 Collect data:! ------ COLLECT DATA -----------------------------------------
1980 IF RunO0 THEN
1990 PRINT "Program not initialized for data collection."
2000 DISP "Select F3 to initialize Set-up"
2010 G0T0 Hold
2020 END IF
2030 CLEAR SCREEN
2040 PRINT
2050 PRINT "Collecting raw pressure data."
2060 Cotmt-Samplo.numbor'32 I Sot Count as function of sample number
2070 ! and number of port readings (32) on
2080 1 Zoe for raw data collection.
2090 CALL Scmazocs(Count.Pulse) I Collect raw data into Memory System
2100 PRINT
2110 PRINT "Raw data collection complete."
2120 BEEP
2130 !
2140 Raw data ifer: P-- TRANSFER RAW DATA FM MEMORY SYSTEM TO HARD DISC -----
2150 PRINT
2160 I
2170 FOR Zoe case-1 TO Zoo number I Collect raw data, reduce data and
2180 SELECf Zoe case I and store reduce date on hard drive
2190 CASE 1
2200 CALL Raw dat(Bufferl.l)
2210 CASE 2
2220 IF Rums1 THEN

2230 Run'Run-l
2240 END IF
2250 CALL Raw dat(Buffer2,2)
2280 CASE 3
2270 IF Rtu1m1 TEE
2280 RumbRu-l
2290 END IF
2300 CALL Raw dat(buffer3,3)
2310 END SELECT
2320 NEXT Zooecase
2330 1
2340 Initial cal: !-------- CALIBRATION SET-UP
2350 ! Calibration data array for each Zoo: Zoc_cal_(33.10)
2360 Format:
2370 ! For ports i-1 to 33
2380 ! Row 0. colum 0: Period
2390 ! Row 0, column 1: Sample number
2400 ! Row 0, colum 2: Zoo t
2410 f Row 0, column 3: Calibrator module ID (1-50 psi 2-15 psi)
2420 1 Row 0: _NN NM NL ZO Pt PM PH (pressure Hg.)
2430 ! Row i:A0 Al A2 A3 N M 10 NL ZO PL PH PH (LS coef,press volts)
2440 ! LS coef are Least Squares curve fit coef for third order polynomial.
2450 !
2460 PRINT
2470 PRINT "Collecting calibration data."
2480 REAL Call(1120),Cal2(1120),Ca13(1120)! Calibration data array
2490 Count-32*5 ! Set count to collect calibration date
2500 !
2510 MAT Zoc call- (0)
2520 HAT Zoo cal2- (0)
2530 HAT Zoo cal3- (0)
2540 Zoc_cal1(0.0)-Period
2550 Zoc_call(0. 1)-Samplenumber
2560 Zoo_call(0,2)-I
2570 Zoc_call(0,3)-Cal modid(l)
2580 Zoc calZ(0,0)-Psriod
2590 Zoc cal2(0,1)-Samplenumber
2600 Zoc cal2(0,2)=2
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2610 Zoc_cal2(0,3)-Calmod id(2)
2620 Zoccal3(0.0)-Period
2630 Zoccal3(0.1)-Sample number
2640 Zoo ca13(0.2)-3
2650 Zoecal3(0,3)-Cal mod id(3)
2660 !
2670 Collect cal dat:! ---- COLLECT RAW CALIBRATION DATA ------------------------

2680 !
2690 1 Collect raw calibration data for each CALSYS2000 setting

2700 FOR Inde*-l TO 7
2710 CALL Cal2000(Comnand modeS(Index).Index)
2720 CALL Scan zocs(Count.pulae)
2730 FOR Zoo case-1 TO Zoc number
2740 SELECT Zoo case
2750 CASE 1
2760 Input rblock(Bufferl.Call(*),160, Cndex-l)*160+1)
2770 CASE 2
2780 Inputrblock(Buffer2.Cal2(*),160,(Index-1)*160+1)
2790 CASE 3
2800 Inputrblock(Buffer3,Cal3(*),160,(Index-1)*160+1)
2810 END SELECT
2820 NEXT Zoe-case
2830 NEXT Index
2840 !
2850 1 Store collected calibration data
2860 FOR Zoo caseo- TO Zoc number
2870 SELECT Zooecase
2880 CASE 1
2890 CALL Cal dat(Cal1(*),Zoc cBILa))
2900 CASE 2
2910 CALL Cal-dat(Cal2(*).Zo cale2(*))
2920 CASE 3
2930 CALL Cal dat(Cal3(e).Zoc cal3(C))
2940 END SELECT
2950 NEXT Zoe-case
2960 !
2970 PRINT
2980 PRINT "Calibration data collection complete."
2990 DEEP
3000 WAIT .25
3010 DEEP
3020 OUTPUT 9;VAL3(l);"IC";CHDR(13);EfND! Initialize Calibrator module #1
3030 OUTPUT 9;VALS(2);"IC";CDRS(13);ENDI Initialize Calibrator module #2
3040 PRINT
3050 PRINT "*-* Secure Calibrator pressure valve to conserve Nitrogen **

3060 PRINT
3070 PRINT "CALSYS2000 Calibration modes and pressures (in He):"
3080 Fmtl:IMAGE /.5X.K.10XK.10X.K,10X.K
3090. PRINT USING Fmtl;"Mode"."Zoc #1"."Zoe #2","Zoc #3"
3100 Fmt2:IMAGE 6X,I,1OX,3D.4D,8X,3D.40,8X,3D.4D
3110 FOR 1-4 TO 10
3120 PRINT USING Fmt2;Command mode$(I-3),Zoc-call(0,I),Zoc-cal2(0.I).Zoc-cal3(0.I)
3130 NEXT I
3140 DISP *Select F4 for another data run, or F7 to reduce data"
3150 GOTO Hold
3160 !
3170 Reduce-data:! ----- REDUCE DATA AND STORE ON HARD DRIVE
3180 ! Routine loads raw and calibration data from storage drive, reduces the
3190 ! data. and stores the data to the storage drive.
3200 !
3210 CLEAR SCREEN
3220 PRINT "Calibration and Raw data reduction and storage."
3230 PRINT
3240 IF Run-O THEN
3250 INPUT "Enter the date of data for for reduction (YH4DD)'',DateS

Figure A17 (cont) ZOC-14 DAS Program: SCANZOC_05

101



3260 INPUT "Number of Zoc's connected to Multi-programer",Zocnumber
3270 INPUT "Select data atorage drive (0-:,700 1-:,700,0,1 2:,700.1)",Drvcase
3280 SELECT Drv case
3290 CASE 0
3300 Data drivS-"' ,700,0,0"
3310 CASE 1
3320 Data driveS-": .700,0,1"
3330 CASE 2
3340 Data drive$-":, 700,1"
3350 END SEI.ECT
3360 EID IF
3370 1
3380 MAT File$- ("-")

3390 FOR Zoe case-1 TO Zoo number lAssign files from storage to FIle$(*)
3400 SELEC Zoe case
3410 CASE 1
3420 CALL File scan(I)
3430 CASE 2
3440 CALL Files-can(2)
3430 CASE 3
3460 CALL File scon(3)
3470 END SELECT
3480 NEXT Zoe came
3490 1
3500 lPINT "Current files an storage dinc ";Data-driveS;" for date ";Date$
3510 PRINT
3520 FOR Rzy-1 TO Rum
3530 FOR Zn-i TO Zoe number
3540 FMR I-i TO 3
3550 PRINT USING "3X.K.9";Fils(Rn,(Zn-1)*3+I)
3560 NEXT 1
3570 PRINT USING "+,L"
3580 MNUT Zn
3590 WT Rn
3600 PRINT
3610 1
3620 FOR Run red-i TO Run I Reduce data routine.
3630 FOR Zoo came-1 TO Zoe number
3640 SELECT Zoe-case
3650 CASE 1
3660 CALL Raw red dat(1,Run red)
3670 CASE 2
3680 CALL Raw red dat(2.Run red)
3690 CASE 3
3700 CALL Raw -red det.(3,Rwunred)
3710 END SELECT
3720 NET Zoe-case
3730 NXT Run red
3740 Run-O
3750 Data reduced-1
3760 DEEP
3770 DISP "Select F3 reinitialize set-up for data collection, or F8 to Exit"
3760 COTO Hold
3790 1
3800 View files: I- ---- VIEW FILES ON STORAGE DRIVE ----------------------------
3810 1 Routine loads files from storage drive and displays file names.
3820 1
3630 CLEAR SCREEN
3640 PRINT "List Raw, Calibration and Reduced data files."
3650 PRINT
3860 IF Data reduced-1 THEN Print files
3870 IF Run-O THEN
3880 INPUT "Enter the date of date for for reduction (YMMD)DV".DateS
3890 INPUT "Number of Zoo's connected to Multi-progrsmer",Zocnumber
3900 INPUT "Select data storage drive (0-:,700 1-:.700,0,1 2-:,700,1)".Drv_case
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3910 SELECT Dry case
3920 CASE 0
3930 Data drive-" :,700.0,0"
3940 CASE 1
3950 Data drivS-" :.700,0.1"
3960 CASE 2
3970 Data driveS-":,700,1"
3980 END SELECT
3990 END IF
4000 Print files.: I
4010 PRINT "Data storage drive name - ";Data driveS
4020 1
4030 4AT File$- ("-")
4040 FR Zoc case,- TO Zootnumber !Assign files fros storage to FileS(*)
4050 SELECT Zooecase
4060 CASE 1
4070 CALL File scan(l)
4060 CASE 2
4090 CALL File scan(2)
4100 CASE 3
4110 CALL File scan(3)
4120 END SELECT
4130 NEO? Zoo case
4140 !
4150 PRINT
4160 PRINT "Current fil.es on storage disc for date ";Date$
4170 PRINT
4160 r= Rnl TO Run lrtint the files listing on the
4190 FO Zm-l TO Zoo oaber Idesignated storage drive.
4200 F 1-1 TO 3
4210 PRINT USING "3X.K,#";File(Rn,(Zn-1)*3+I)
4220 NEXT I
4230 MST3? USING "/"
4240 NEXT Zn
4250 NEXT Rn
4260 1
4270 IF Dry case42 THEN
4280 INPUT "Do you want to copy files from the Hard drive to Floppy? (0-to 1-Yes)",Copyjh to3f
4290 IF Copyhto f-0 THEN End-view
4300 ON ERROR GOSUB View error
4310 PRINT
4320 PRINT "WARNING: Any duplicate existing files on the Floppy will be copied over!"
4330 PRINT ICopy the files from the dessignated
4340 FOR Rn-i TO Run hbard drive to the floppy drive.
4350 FOR Zn-l TO Zoc number
4380 FOR 1-1 TO 3
4370 Fi3-Fil*e(Rn. (Zn-l)*3+I)
4380 COPY FiSData drive$ TO FiSI&":, 700,1"
4390 IF Fi5-" .. THEN
4400 PRINT "File ";FiS;" copied to Floppy"
4410 END IF
4420 NEXT I
4430 "M Zn
4440 NEXT Rn
4450 PRINT
4460 PRINT "Files have been copied from ";Data driveS;" to Floppy :,700.1"
4470 END IF
4480 GoTo End-view
4490 View trror:
4500 SELECT KRRN
4510 CASE 56 !File does not exist, then continue.
4520 CLEAR ERROR
4530 ERROR RETURN IReturn to line following COPY
4540 CASE 54 !Duplicate file exist on the floppy,
4550 PURGE FiS&":.700,1' !then purge the dup file. retrun to
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4560 CLEAR ERROR
4570 RETURN !the line COPY and copy the file.

4580 CASE ELSE
4590 DISP ERRMS
4600 PAUSE
4610 END SELECT
4620 1
4630!
4840 End-view: 1
4650 Run-0
4660 01SF "Select F2 to return to menu, or F8 to Exit"
4670 OOTO gold
4680 1
4690 Finish:!
4700 LOAD "ZOC-MENU" 10
4710
4720 END
4730 End:!I
4740 1 Function to return todays data for input into file naes
4750 DEF MNate8CSecornds)
4760 Julian-Seconds DIV 86400-1721119
4770 Yeaz-(4*Julian-1) DIV 146097
4760 Julian-(4*Julian-1) MOD 146097
4790 Dey..Juliem DIV 4
4800 Julian(4*Dey+3) DIV 1461
4810 Day-(4eDay+3) MOD 1461
4820 Dey-(Dey44) DIV 4
4630 Momth-(5CDay-3) DIV 153 1 Month
4840 Da,-(S*Dey-3) MOD 153
4850 Deyw(Dey45) DIV 5 1 Day
4860 TeszlOOC*Teez~Julin
4670 IF Montb'10 TMW
4660 Mouth.44asth+3
4890 ELSE
4900 toutbH~ooth+3
4910 Yeaezleaz41
4920 lEND IT
4930 Yeae.VALS(Yeaz)
4940 IF Montb-clO IMP
4950 Momth8-"0"&VALS(Month)
4060 ELSE
4970 Month$VALSCManth)
4960 END IF
4090 IF Dey'10 THEN
5000 DayS-"0"&VAL3(Da7)
5010 ELSE
5020 DayS-VALS(Day)
5030 END IF
5040 D$.Year8 (41 aMonthS&DayS
5050 RETURN D$
5060 FNEND
5070 1 -----------------------------------------------------------------------
5060 1 Subroutine to build file naes an required by Run nummber for a specified
5090 1 Zoc. and assign existing files to the FileS matrix.
5109 SUB File(Zn)
5110 CO14 /Stats/ REAL Puls.,Sample numer,Pause for, INTEGER Cal Mod id(3) Date3,Run
5120 COM /Files/ FLIle(e).Data driveS
5130 DIM Data -discl$123I .Dat. disc2St23l Data disc3S(231
5140 ON ERROR GOTO Error
5150 J-(Zn-l)*3
5160 Asuign file:
5170 Filel-0
5180 Data filelS-'ZW"&VALS(Zn)&Dat.S&VALS(Run)
5190 Data disciS-0Dita-fil*1 M ets driveS
5200 ASSIGN 6Checkjpethl TO Data-disciS !Check for existance of ZW-
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5210 F1ilS(Run.J+1)-Dataefill.S !Assign ZW_ to matrix.
5220 Filel-1 Flag to ID file exists.
5230 1
5240 File2-0
5250 Data -file2S-"ZC"&VALS(Zn)&Dates&VALS(Run)
5260 Data disc2S-Data file2$&Data driveS
5270 ASSIGN ICheckpath2 TO Data disc2S !Check for existance of ZC_.
.!280 File$(Run.J+2)-Data file2S !Assign ZC to matrix.
5290 File2- IFlag to ID file exists.
5300 !
5310 Data file3S-" ZR"&VALS( Zn )&DatoS&VALS(Run)
5320 Data diac3$,.ata file3S&Data drives
5330 ASSIGN Cbeck path3 TO Data disc3 MCheck for existance of zR_.
5340 FileS(Run,J+3)-Oata&file3S lAssian ZR_ to matrix.
5350 f
5360 Rum-Run+l tIf ZW exist, reassign Run #
5370 ASSIGN *Check-pathl TO *
5380 ASSIGN @Chock path2 TO *
5390 ASSIGN sCheck path3 TO *
5400 GOTO Assign file lCheck storage disc again.
5410 Error: I Subroutine if ERROR-56, files donot exist for Run and Zoc
5420 IF ERRN-•56 TUEN
5430 PRINT ERMS
5440 PAUSE
5450 END IF
5460 IF F1±1I-O THEN Fin IFil ZWW doesnot exist, ext
5470 IF Filol- TH tMile ZW_ exists
5460 IF File2-O TH File ZC_ doesnot exists, therefore
5490 ASSIGN @Check_patbhl TO a
5500 PURG Data disol$ Idelete Zf.
5510 ES

5520 A93'-m+1 IFile • & ZC_ exist, step Run
5530 END IF land continue.
5540 END IF
5550 ASSIGN *Chock pathl TO *
5560 ASSIGN @Check path2 TO *
5570 ASSIGN UCheck_psth3 TO *
5580 GOMO Assign file
5590 Fin: !
5600 ASSIGN @Checkpathl TO *
5610 ASSIGN SChock path2 TO *
5620 ASSIGN gCheck path3 TO *
5630 Data file2-" ZC"VALS (Zn )DeataS&VAL$ (Run)
5640 Data fil3S-" ZR&VAL3 ( Zn )&DateS&VALS(Run)
5650 FileS(RuR.J+l)-Oata filel$ tCreate ZW to matrix.
5660 File1(RuwJ+2)-Data&file2$ lCreate ZC to matrix.
5670 FLleS(Run,J+3)-Data file3S !Assign ZR_ to matrix.
5680 SUBEND
5690 1 -------------------------------------------------------------------------
5700 ! Subroutine to operate the EP6944A Multi-progrsammer for scanning Zocs.
5710 SUB Scanzocs(CountPulse)
5720 CO4 /NNmes/ Bufferl,Adcl,Buffer2.Adc2,Buffer3,Adc3,Timer
5730 Wait-time-Count*2*Pulse+10.0 I Set Timer wait time to +10 sacs.
5740 Init(Timtr) I Initialize Timer system
5750 Set timeout(Timer,Wait-time) ! Set Pausefor period of xx secs.
5760 Set-count(TimerCount) I Set Count number into Timer
5770 Set period(TimerPulse) I Set Timer pulse length in secs.
5780 Init(Cufferl) I Initialize Buffer for data storage
5790 Init(Buffer2)
5800 Init(Buffer3)
5810 Start(Timer) Start data sample collection
5820 Wait-for(Timer) ! Data samples stored in Memory System
5830 SUBEND
56 4 0 ! --- ------------------------ ------ -- ------------------------- --------------
5850 ! Subroutine to collect raw pressure data from Memory System end store

Figure A17 (cont) ZOC-14 DAS Program: SCANZOC_05

105



5860 ! onto the hard drive for future data reduction.
5670 SUB Raw dat(Buff.Zn)
5860 CM /iStats/ REAL Pulse.Sample number,Pausefor,INTEGER Cal modid(3),DateSRun
5890 COM /Files/ FileS(*).Data driveS I Data file listing for 99 runs.
5900 ON ERROR GOTO Error
5910 INTEGER Raw-data(32672) BUFFER ! Integer raw data buffer for 32*1021
5920 1 data samples. Integer format for
5930 1 mininum transfer time to storage.
5940 0IM Data diecS(231
5950 snSmplenumber
5960 Aasignfile: 1
5970 Data filea=FileS(Run,(Zn-1)*3+1) I Raw data file
5960 Data disca-Oata fileSData driveS
5000 CREATE BWAT Data discS,32*Sn+l,2 I Creats BOAT file of 2 byte records.
6000 ASSIGN IData path TO Data-discS I Assign path to hard drive
6010 ASSIGN @fufferpath TO BUFFER Raw data(*);FORMAT OFF
6020 Inputiblock(Buff.Raw-data(*).Sn*32,1) I Load data samples
6030 CONTROL Ouffer path.4;32*2*Sn+2 I Close buffer when full
6040 TRANSFER Sfufferyath TO dDatapath I Transfer data Data-disc
6050 ASSIGN UDuffer-path TO *

6060 ASSIGN WData-path TO *
6070 PRINT "Raw pressure data: Run#":Run;", Zoc#";Zn;". storage drive file ";Datafile8&Data driveS
6080 GOTO Fin
6090 Error: I
6100 IF flERY54 THEN
6110 PRINT E
6120 PAUSE
6130 END IF
6140 1P ]MUI-54 THE I R-=m step routine when compiling
6150 Rum-Run+1 I mltiple data runa without data
6160 CALL File(Zo) I reduction.
6170 END IF
6160 GOTO Asasi _file
8190 Fin: I
6200 SUIEND
6210 .--------------------------------------------------------------------------
6220 ! Subroutine controls calibration mode and reads pressure from Pressure
6230 ! Standard into Zoc cal(e) array.
6240 SUB Cal2000(CommandS,I)
6250 CGI /Zoodat/ REAL Zoocall(*) BUFFER.Zocceal2(*) SUFM.Zoc_cal3(*) BUFFER
6260 COM /State/ REAL PulseSample number,Psuse for,INTEGER Cal mod id(3).DatesRun
6270 DIN PressureS(5] I Required to read data stream
6280 OUTPUT 9;VALS(1);CoiandS;CHR3(13);END I Sets calibrator #1 mode
6290 OUTPUT 9;VAIJ(2)CoandS;CHRS(13);ZND I Sets calibrator #2 mode
6300 WAIT Pause for I Allow CALSYS2000 to stabilize
6310 FOR • K-i TO Cal mod id(0) ! Read CALSYS2000 cal press
6320 SELECT K
6330 CASE 1
6340 OUTPUT 9;VALS(Cal mod id(l));"RP";CMtR(13);END
6350 ENTER 9 USING "#,SD.SDESZZ,K";Zoccall(0,I+3),PressureS
6360 CASE 2
6370 OUTPUT 9;VALS(Cal mad id(2));"RP**;C:S(13);END
6360 ENTER 9 USING "#,SD.SDESZZ,K";ZoccaL2(0,I+3),PreasuraS
6390 CASE 3
6400 OUTPUT 9;VALS(Cal mod id(3));'RP";CHRS(13);END
6410 ENTER 9 USING "#.SD.SDESZZ,K";Zoccal3(0.I+3).Pressure3
6420 END SELECT
6430 NEXT K
6440 IF I143 THEN Account for positive pressures used
6450 Zoc call(O,I+3)--Zoccall(0,I+3) by CALSYS2000 in the NSUNt, & NL mode.
6460 Zoo cal2(0,I+3)--Zoc cal2(0.I+3)
6470 Zoccal3(0,1+3)--Zoc cal3(0,1+3)
6480 END IF
6490 SUBEND
6500 ! --------------------------------------------------------------------------
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6510 ! Subroutine stores calibration data collected from Memory System and
6520 1 CALSYS2000 calibration pressure data onto the hard drive.
6530 ! Zoe cal in then stored onto the hard drive.
6540 SUB Cal dat(REAL Cal(*).Zoc cal(*) BUFFER)
6550 COM /Stats/ REAL Puls.,SamplenumberPause for,INTEGER Cal mod Id(3),DateSRun
6560 COM /Files/ FileS(*),DatadriveS ! Data file listing for 99 runs.
6570
6580 ! Converting Cal(*) to Zoc-cal(*)
6590 FOR J-4 TO 10 ! Cal runs: NH,NN,NL,ZO,PL,PM,PH
6600 FOR 1-1 TO 32 Zoe ports par calibration run
6610 FOR X-0 TO 4 I Number of samples per run
6620 Zoo cal(l,J)-Zoccal(I.J)+Cal(I+K*32+(J-4)*160)
6630 NXT K
6640 Zoocal(I,J)-Zoc cal(IJ)/5 I Average of 5 samples per port I
6650 NEXT I
6660 NEXT .
6670 !
6660 1 Transfer calibration data to hard drive.
6690 ON ERROR GOSUB Purge file
6700 DIM Data disc$[23] I Define string for data file name
6710 Zn-Zoc cal(0,2) I Define Zoc number
6720 Data fil.SFile8(Run,(Zn-1)*3+2) I Calibration data file
6730 Data diec$-Data file &Wata drives
6740 CREATE BDAT DatadiacS,33,811 I Create BOAT file of 11*8 byte
6750 ASSIGN I8ata~path TO Data discS I Assign path to hard drive
6760 ASSIGN $Buffer path TO BUFFER Zoccal(e);FORMAT OFF
6770 CONTROL 8Bufferpatb,4;6*11C33 ISet date file length
6780 TRANSMER Mufferjpath TO @Data pathI Store cal data on hard drive
6790 ASSIGN Iluffer path TO * I Close path
6800 ASSIGN eateapath TO * f Close path
6810 PRINT *Calibration data: Jtn'i;Rnm;'. Zoe#o:Zn;", storage drive file ";Data-discS
6820 GOTO Fin
6830 Purgefile: I
8840 IF EiM-54 T
6850 PRINT "Error occured in SUB Cal-dat. Xrror:";ERRM
6860 PAUS!
6870 END IF
6860 RETURN
8890 Fin: I
6900 SUUEND
6910 I -------------------------------------------------------------------------
6920 1 'broutine loads raw and calibration data fro, the storage drive,
6930 1 reduces the data, and stores the data onto the storage drive.
6940 I Calibration data is reduced using the Least Squares Curve fit to obtain
6950 1 coefficients for a third-order polynomial. The raw pressure data is
6960 1 reduced using these coefficients.
6970 1 Buffer arrays are replaced with standard arrays for data manipulation.
6980 I Utilization of Buffers and the TRANSFER routine results in lost of the
6990 1 first several data bytes when data is transferred from floppy media to
7000 ! the buffer. Utilization of OUTPUT, ENTER, and arrays results In no
7010 1 data lost with floppy media. Hard disc media works well with either
7020 1 data manipulation technique using buffers or standard arrays.
7030 SUB Raw red dat(Zn.Rn)
7040 CO4 /Nimnes/ BufferlAdcl.Buffer2,Adc2,Buffer3.Adc3.Timer
7050 COM /Stats/ REAL PulseSmpLe numberPausefor,INTEGER Cal mod id(3),Dat.S16],Run
7060 COM /Files/ FileS(*).Data driveS !Data file listing for 99 runs.
7070 Data filel$-FileS(Rn,(Zn-l)*3+2) I Calibration data file
7080 Data file2S-FileS(Rn,(Zn-1)*3+1) I Raw data file name
7090 Data file3S-FileS(Rn,(Zn-l)*3+3) ! Reduced data file name
7100 1
7110 IF Data file3$.."-" THEN ! Contir-i if Reduce data file
7120 GOTO Fin doeenot exist.
7130 END IF
7140 !
7150 IF DatafilelS-".. THEN
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7160 PRINT "Calibration file doesnot exist for Run#";Rn;". Zoc#':Zn
7170 GOTO Fin
7180 END IF
7190 !
7200 ON ERROR GOSUB Error
7210 DIM Data disclS[231
7220 DIM Data disc2S(231
7230 DIM Data disc35(231
7240 Data disclS-Oatas fillS&Data driveS
7250 REAL Zoc_cal(32,10) !Array to handle calibration data
7260 !
7270 Data reduction: !
7280 PRINT "Data reduction: Rum#";;Rn;", Zoc#";Zn
7290 1
7300 ASSIGN Data-pathl TO Data discl$;kORMAT OFF
7310 ENT• Detajpathl;Zoccal(*) ILoad raw calibration data into array
7320 ASSIGN Data pathl TO *

7330 t
7340 I Calibration data reduction using Least Squares Polynominal fitting.
7350 REAL A(3.3),B(3).C(3),Sumix(6).Ainv(3.3)! Least Square reduction arrays
7360 FOR K-1 TO 32 1 Loop for each port
7370 1
7380 MAT C- (0)
7390 MAT Sum-x- (0)
7400 1
7410 FOR J-1 TO 6 1 Routine to reduce individual port cal
7420 FOR 1-4 TO 10 1 data into elements to a power x-j
7430 Sum z(J)-Sum-x(J)+Zoc-cal(K,I)^j
7440 W I
7450 NUXT 3
7460 I

7470 FM 1-0 TO 3 I Derive A array
7480 FOR J-0 TO 3
7490 A(I.J)-SRmx(I+J)
7500 NEUT J
7510 MET I
7520 A(0,0)-7
7530 1
7540 FOR J-0 TO 3 I Derive C array
7550 FOR 1-4 TO 10
7560 C(J)-C(J)+Zoccal(K.I)^J*Zoccal(0.I)
7570 NEXT I
7580 NEXT 3
7590 1
7600 MAT A inv- IIV(A)
7610 MAT I- A inv-C 1 3 array is matrix of Least Square
7620 1 coefficients aO.al,a2,& a3 for polynomial
7630 1 equation fitting calibration data for a
7640 1 specified port
7650 !
7660 ! Collect Least Square coefficients
7670 Zoccal(K,0)-B(0) !Coefficient a0
7680 Zoccal(K,1)-B(l) !Coefficient al
7690 Zoccal(K,2)-8(2) !Coefficient a2
7700 Zoccal(K,3)-B(3) !Coefficient a3
7710 I
7720 NEUT K
7730 I
7740 ASSIGN iDatapathl TO Data_discl3;FORMAT OFF
7750 OUTPUT UDatapathl;Zoccal(*) !Store reduced calibration data
7760 ASSIGN @Data pathl TO
7770 !
7780 PRINT "Calibration data reduced and transferred to ":DatafilelS
7790 I

7800 ! Recover raw data, convert to real, reduce then store in blocks
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7810 1 of samples (32 ports scanned per block)
7820 Sn-Zac cal(0.1) ISample number.
7830 INTEGER Data integer(1:32) lArray to handle raw integer data.
7840 REAL Data real(l:32),Data(32) [Arrays to handle raw and reduced
7850 Data dixc2S-Data file2SData driveS Ireal data.
7860 Data file38"ZR"&VALS(Zn)&DateS&VALS(Rn) IReduced data file name.
7870 Date disc33-Data file3S Deta drives
7880 CREATE BDAT Data disc35,Sn.8*33 !BDAT file of 33*8 byte records.
7890 ASSIGN §Datapath2 TO Datadisc2S;FORMAT OFF
7900 ASSIGN SDatapath3 TO Datasdisc3S;FORHAT OFF
7910 !
7920 CONTROL tDetapath2,5;2 ISet read pointer to 2nd record
7930 I fin raw interger data file.
7040 FOR Block- TO Sn
7950 EAT gDate path2;Dataintesgr(*) Loead raw data into array.
7960 SELECT Zoe cal(0,2) lTranslating raw interger data into
7970 CASE 1 fraw real data.
7980 sranalate(Adcl,Deta integer(*),Data real(*),
7990 CASE 2
8000 Translate(Adc2.Data-integerf*),Datareal(*))
8010 CASE 3
8020 Tranalate(Adc3.Datainteger(*).Datareal(*))
8030 END SELECT
8040 I
6050 1 Routine to reduce raw real data:
8060 1
8070.1 Data - .0 + alfx + a2*x'2 + a3*hx3
8080 I
8090 1 where aOal.a2. & a3 are Least Square coefficients. and x is
8100 1 the Individual port raw data value.
8110
8120 Data(O)-Block I Store reduce data sample imzber.
6130 FOR K-1 TO 32
6140 Data()-Zocal(K.0)+Zocoal(K.1)*Datareal(K)+Zoc_cal(K,2)*Data-saJl(K)-2+Zoc-cal
6150 Nam K
6160 I
8170 OUTPUT @Data-pot1h3:Data(*) IStore block of reduced data into
8160 NEXT Block linto the file on the designated drive.
8190 1
8200 ASSIGN Uoatayath3 TO *
6210 ASSIGN UDatapath2 TO *
8220 PRINT "Raw data reduced end transferred to ";Data_file3S
8230 PRINT
8240 GOtO Fin
8290 Error: IRoutin* to trap error in program.
6280 PRINT UN4S
8270 PAUSE
6280 RETURN
8290 Fin: I

8300 SUBEND
8310 1 --------------------------------------------------------------------------
8320 1 Subroutine to load existing files required by Run number for a specified
8330 1 Zoe, end assign existing files to the Files matrix for Data reduction
8340 t end List files routines.
8350 SUB File scan(Zn)
8360 • COC /Statsa REAL Pulae,Sample numberPause forINTEGER Cal.mod Id(3).DateSRun
8370 COU /Files/ FileS(*)0Dsta driveS
8380 DIM DateadisclSI23].Data-diec2S523].Dateadisc3S(231
8390 Rn-l
8400 Loop-i
8410 File In etorege-0
8420 ON EiROR GOTO Error
8430 J-(Zn-l)*3
8440 WHILE Loop-l
8450 Filel-0
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8460 Data filelS.-"ZW"&VALS(Zn)&DateS&VALS(Rn)
8470 Data disclS-Data file1$&Data drives
8480 ASSIGN UChack_pathl TO Data disclS !Check for existance of ZW_.
8490 FileS(Rn,J+1)-Dsta filelS !Assign ZW_ to matrix.
8300 Fill-I
8510 !
8520 Data fil.2$-"ZC"&VALS(Zn)&DateS&VAL$(Rn)
8530 Data disc2S-Data file2 &=ata drives
8540 ASSIGN @Checkpath2 TO Data disc2S !Check for existence of ZC_.
8550 FileS(Rn,J+2)-Data file2S !Assign ZC_ to matrix.
8560 I
8570 Data ftle3S-"ZR"&VALS(Zn)&DateS&VALS(Rn)
8580 Data disc3SData file3S&Data drives
8590 ASSIGN MCheckJptb3 TO Data disc3S lCheck for existence of ZR-.
8600 FPleS(Rn,,+3)-Oata file3S lAssign ZR_ to matrix.
8610

8620 GOTO Assign_file lCheck storage disc amain.
8630 Error: I Subroutine if ERROR-56, files donot exist for Rn and Zoc
8640 IF ERRN<56 THEN
8650 PRINT ERRHS
8660 PAUSE
8670 END IF
8680 Assign_file:!
8690 IF Filel-1 THEN ISwitch to begin ant ring
8700 Filein_storage-l Mfile names in to Fi-eS
8710 END IF
8720 IF FPll.-0 THEN
8730 IF Filein storage-i THEN ISwitch t. exit routine
8740 Loop-a0 'once ei'.t , s are made
8750 END IF lnto Files
8760 END IF
8770 ASSIGN @Checkpathl TO
8780 ASSIGN @Check peth2 TO
8790 ASSIGN Mheck path3 TO a
8800 IF Rnl00 oTN lfxit routine after checking
8810 Loop-0 lup to 100 possible Run #a
8820 END IF
8830 Rn-Rn+l
8840 END WHIL
8850 Fin: I
88 RunmRn-_
St , SUBEND
8880 !- ............ ----------------------------------------------------------
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10 1 Program: READ ZOC
20 1 Description: Reads specified data compiled from program SCAN_ZOC_04.
30 CLEAR SCREEN
40 PRINTER IS CRT
50 DIM Data disc15123]
60 DIM Data disc2$(231
70 INPUT "Enter Zoo # (1,2,3). date (114D1), and run #:",Zoc,DateS,Run
80 INPUT "Print results to screen or printer (0-Screen l-Printer)",View
90 IF Vlew-l THEN
100 PRINTER IS 711
110 ELSE
120 PRINTER IS CRT
130 END IF
140 Datea_ file 1-"ZC"&VAL3(Zoc)&DateS&VAL9(Ruw,)
150 Data file25-"ZR"&VALS(Zoc)&Dat e&VALS(Run)
160 Data discls-nata file41&": .700.0,1'
170 Daot dinc2S-Data file2S&": .700,0,1"
180 ASSIGN @Dataspathl TO Data discl$
190 ASSIGN 4Data.path2 TO Data disc2S
200 REAL N1.N2
210 STATUS *Data pathl,3;N1 I Determine number of records
220 STATUS $Data path2,3;N2 I Determine number of records
230 ALLOCATE REAL Cal(NI-1.l0),Dat~a(1:N2.32)t Define REAL array of records
240 ENTER @Data,,pathl:Cal(*)
250 ENTER @Data path2:Data(*)
260 Period'Cal(0.0)
270 HslI/Period
280 Samplemnumbe-Cas(0, 1)
290 Zoo-Cal(O,2)
300 Print- result.: I
310 PRINT "Data Print Out for Zoo #";Zoo;", Run #";Run
320 PRINT
330 PRINT TAB(5);"Perlod between eample (sec):;Period
340 PRINT TAB(5):"Sumpl. collection rate (8s): "*;R
350 PRINT TAB(5):"Number of samples per port: ";Semple number
380 PRINT TAN(5):"Lonath of data run (Cac): ";Period*31*Sample-number
370 Loop: I
380 PRINT
390 INPUT "Enter port number for data (0-Exit):",Port number
400 IF Port number-O THEN Finish
410 INPUT "Enter First sample# of run to be viewed:",Samplel
420 INPUT "Enter End samplo# of rum:",Ssmple2
430 PRINT "Data Tabulation for Port #":Portnumber:"frcM file- ";Datasfile2S
440 PRINT
450 PRINT USING "K,6XK,6X;K";"Sample","Time (sec)'."Pressure (ffa.)"
460 FOR SampLe-Smplol TO Sample2
470 PRINT USING "SD.7X,2D.5D,SX,3D.SD";SsMlpI.((Sample-l)*32+(Port-number-1))*Period.Data
480 NEXT Sample
490 GOTO Loop
500 Finish: 1
510 ASSIGN 1Dataepathl TO *
520 ASSIGN @Dataypath2 TO *
530 DEALLOCATE Cel(*)
540 DEALLOCATE Data(*)
550 PRINT
560 PRINT
570 PRINTER IS CRT
580 LOAD "ZOCMENU" ,10
590 END
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10 ! Program: PLOT DATA
20 ! Descript: Plots reduced data compiled by SCAN_ZOC_04.
30 2 Actual data points are plated as squares. Square size
40 ! can be adjusted by varying variable Sc in line 110.
so I
60 CC4 /Plotlabels/ REAL XoXf.YoYf,Dx,DyTitle$[60],X LabelS[50],YLabel$(50l
70 !
s0 CLEAR SCREEN
90 PRINTER IS CRT
100 Sc-.005 IScalo size of plotting squares
110 PRINT "Proram.: PLOT.DATA"
120 PRINT
130 PRINT "Progrm plots the reduced data compiled by the program SCANZOC_05."
140 PRINT "Hard copies of plots can be reproduced to either the HP Think Jet"
150 PRINT "printer or HP Laser Jet printer."
160 PRINT
170 PRINT
180 PRINT "Press P2 to continue after calibration display is plotted"
190 MINT "Press <Shift> <Dump Graph' for printout of plot on the printer"
200 !
210 1 Load data --------------------------------------------------------------
220 DIM Date discl$(231
230 DIM Date disc2S(231
240 INPUT "Enter Zoc # (1,2,3). Date (YM*DD), Run f:",ZocDateS,Run
250 File nmnlS-"ZC"&VALS(Zoc)&Dat e8VAL8(Run)
260 File name2$-"ZR"&VALS(Zoc)&Date$&VALS(Run)
270 Data discl$-Filonsmel$&": .700,0,1"
260 Data disc2S'File nsme2$&":, 700,0,1"
290 ASSIGE glata path1 TO Date discl1
300 ASSION Data path2 TO Data disc2S
310 REAL *1,N2
320 STATUS Iata_pathl,3;N1 I Determine number of records
330 STATUS 4Datapeth2.3;N2 I Determine number of records
340 ALLOCATE REAL Cal(N1-1,10).Data(1:N2.32)! Define REAL array of records
350 ETREZ IData,,pathl;Cal(*)
360 ENER 6Dataspathk;Data(*)
370 Period-Cal(0,0)
380 Hz-i/Period
390 Semple numberCal(0.1)
400 Zoo-Cal(0,2)
410 DispLay stats: I ------------------------------------------------------------
420 CLEAR SCREEN
430 PRINT "Program plots reduced date from file ";FiLe nams2$
440 PRINT
450 PRINT "Statistics for Zoe #";Zoc
460 PRINT
470 PRINT TAB(S);"Poriod between samples (msec):";Period*1000
480 PRINT TAD(5);"Sanple collection rate (Hz): ";Hz
490 PRINT TAB(S);"Number of samples per port: ";Sample number
500 PRINT TAB(5);"Length of data run (msaec): ;((Sample_number-l)*32+31)*Period*1000
510 PRINT
520 PRINT
530 PRINT "Data point can be plotted as a continuous line, or squares.-
540 PRINT
550 PRINT "Note: Wait for symbol '*' in lower right corner of CRT to change"
560 PRINT " to a '-' before pressing <Shift-Dump Graph>"
570 !
580 INPUT "Enter Port #:",P
590 INPUT "Enter min range of pressure reading (in Ilg):",Yo
600 INPUT "Enter max range of pressure reading (in Hg):",Yf
610 INPUT "Enter Start time for plot (msec):",Xo
620 INPUT "Enter Stop time for plot (msec)):".Xf
630 INPUT "Enter type of data point plotting (0-Squares 1-Line):",Plotcase
640 INPUT "Plots DUMPED to Think Jet or Laser Jet: (0-TJ l-LJ)",Dumpdevice
650 IF Dump_device-i THEN
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660 DUMP DEVICE IS 9
870 ELSE
680 DUMP DEVICE IS 711
690 END IF
700 1

710 TitleS-"Reduced Data Plot of Port# "&VALS(P)
720 X labl$-"Time (msec)"
730 Y labol$-"Preusure (In Ha)"
740 DzlO ITic marks per X-axis on plot

750 DYlO ITic marks per Y-axis on plot
760 1
770 ! PLot routine -----------------------------------------------------------

760 CALL Plot !Roumtine to display graph background
790 FOR 1-1 TO Samplenumber !Plot Squares around data points
800 Sample time( (Data(I,0)-l)C32+(P-1) )*1000*Period
810 SEiLCT Plot case
820 CASE 0
830 PLOT Samplo_time,Data(IP),-2 !Move pen to data point position
840 CALL Square(XoXf.YoYfSc) !Subrountine to plot squares
850 CASE I
860 PLOT Simple_timeData(IP)
870 END SELECT
880 NEXT I
600 I
900 PAUSE
910 Finish: I -------------------------------------------------------------------
020 CLEAR SCREE
030 INPUT "Graph another calibration plot: 0-No l-Yes )".Again
940 I1 Again1- THEN Displaystate
950 ASSIGN IData.pathl TO *
960 ASSIGN Detapath2 TO *
970 DALLOCATE CalC)
980 DEALLOCATE Data(e)
00 PRINTER Is CRT
1000 DUMP DEVICE IS 711
1010 LOAD "ZOC MENU-," 10
1020 END
1030 1
1040 SUE Plot
1050 1
1060 1 Subroutine to display plot screen, less the plots of any curves
1070 I for the specified variables in the COM /Plotlabels/ line.
1080 CON /Plot labels/ Xo.Xf,YoYfDx,Dy,Title$,X labelS,YlabelS
1090 CLEAR SCREEN
1100 KEY LABELS OFF
1110 GINIT tHnitialize graph routine
1120 X raneM-Xf-Xo tLength of X-axis
1130 Y1range-Yf-Yo !Length of Y-axis
1140 LOEG 6 Character ref pt:top center
1150 MOVE 100*RATIO/2.100 !Move cursor to screen toc for labels
1160 CSIZE 3 !Sizes labeling
1170 LABEL TitleS IPLot title
1180 MOVE 100*RATIO/2.0 !Move cursor to bottom center screen
1190 LORG 4 ICharacter ref pt:bottom center
1200 LABEL X-labelS !X-axis label
1210 DEG IDesig degrees for LDIR
1220 LDIR 90 !Sets Y-axis label on end
1230 LORG 6
1240 HowVE 0.50
1250 LABEL Y labelS !Y-axis Label
1260 LDIR 0 tReset label to horizontal orientation.

1270 LORG 2 !Chr ref pt:left center
1280 VIEWPORT 10,90-RATIO,10,90 !Sets graph screen size

1290 FRAME 1Box around VIEWPORT
1300 WIND( XoXfYoYf !Set axis lengths in VIEWPORT
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1310 AXES X range/Dxyranse/Dy,Xo,Yo lAxes intersect at Lower left
1320 AXES X rangslOx,Y_ranse/Dy,Xf.Yf tAxes intersect at upper right
1330 GRID X ranse/Dx,Y!range/Dy,Xo,Yo,Dx,Dy,.001
1340 CLIP OFF !So Labels can print outside VIEWPORT
1350 CSIZB 3.0..4 !Axes label size
1360 LORG 6 !Number X-aX1s
1370 FOR I-Xo TO Xf STEP X_range/Dx
1380 MOVE IYo-.01*Y_range
1390 LABEL USING ..#. K";I
1400 NMET I
1410 LORG 6 lmber Y-axis
1420 FOR I-Yo TO Yf STEP Y range(Dy
1430 MOVE Xo-.01*Xranage,I
1440 LABEL USING "#.K" ;1
1450 NET 1

1460 CLIP On
1470 !
1480 SUBEND
1490 SUB Square(XoXfYoYf.Sc)
1500 ISubroutine to plot squares around the local origin designated
1510 thy the PLOT statement.
1520 Xd-SoC(Xf-Xo) IX displacement for RPLOT
1530 Yd"Sc*(Yf-Yo)*RATIO IY displacement for RPLOT

1540 RPLOT -Xd,Yd,-2
1550 RPLOT Xd.Yd,-1
1560 RPLOT Xd.-Yd. -1
1570 RPLOT -Xd,-Yd,-I
1580 RPLOT -Xd.Yd,2
1500 SUBEND
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10 1 Program: CAL REAfl FRJ
20 1 Description: program to operate CAL2000 calibration modes sequentially
30 1 and read corresponding calibration pressures in Hg as a
40 1 test bed for later insertion into the Zoc scanning programs
50O Author: Rick Wendland. Naval. Postgraduate School, Monterey CA
60 I Telo:(408) 646-2165
70 I
s0 CLEAR SCREEN
90 PRINTER IS CRT
100 PRINT "Program: CAL READ FEZ"
110 PRINT
120 PRINT " This program sequentially aets the CAL2000 calibration"
130 PRINT * modes and reads the corresponding internal Pressure Standard"
140 PRINT " for that mode."-
150 PRINT
160 PRINT " PH Positive high ranse pressure to CAL(+)"
170 PRINT " FM Positive mid range pressure to CAL(+)"
180 PRINT PT. Positive low range pressure to CAL(+)"
190 PRINT 10 CAL(+) & REF(-) connected together"
200 PRINT "NT. Negative low range pressure to REY(-)"
210 PRINT ofN Negative maid range pressure to RZFC-)"*
220 PRINT No Negative high range pressure to REF(-Y'
230 1
240 INPUT "Display results to CRT or PRINTER? (0-CR? 1-PRINTER)" Results
250 IF Resulta..l TUEN
280 PRINTER IS 711
270 END IF
260 CONTROL 9.5;3 ISet OTE & iTS to active for CAL2000 configuration
2OO INTEGER Error. VaLue
300 REAL Pressure(1:7)
310 DIN Cadmmde(1:7)C7)21,PreasureC(SI
320 Cin~and_=*deC 1)"-NW'
330 Ccminmd_=deS(2)--"Nq
340 Cc-anmd"*d.(3 )NWL-
350 Comain4modeS(4 )"-O-
360 Command modeS(5)--PL"
370 CcmanmodeS(6)--"PM"
380 Command mode$(7)--"PH"
390 ON ERROR 00T1 Find error
400 OUTPUT 9;"IC";CNHR$(3);END !Initialize CAL2000
410 WAIT 1.5
420 Send command:
430 FOR I-1 TO 7

* 440 OUTPUT Q;CommendmodeS(I);CHRS(13);END
450 WAIT 1.3 IWait timie to allow calibrator stabilization
460 OUTPUT Q;"RP";CSR3(13);ENID
470 ENTER 9 USING "#.SD).5DESZZ,XK;Pressure(I);Pressure8
48o GOTO So error
490 Find error:I
So 50 TATUS 9,10;Error
S10 STATUS V,S;VeLue
520 Error -codeS-IVALS(Error, 2)
530 PRINT "Register 10: ..:Error-codeS[9,161
540 PRINT "Register 6z ";Value,CHRS(Value)
550 No error: I
560 IDISP *72 TO CONTINUE" !Steps used to determine wait time between
570 IPAJISE !CALI.O0 steps. ZOC output connected to the
580 NEXT I !0-scope. us* stopwatch to measure settling
s0a Print-results:I Itime of dc voltage from ZOC.
600 PRINT
610 PRINT
620 PRINT "CAL2000: Calibration modes and pressures."
630 PRINT
640 PRINT USING *'2XK.5X,K";'Mode'.'Pressure (in Hg)-'
650 PRINT
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660 FOR 1-1 TO 7
670 PRINT USING "3X,KlOX,30.4D";Coand modeS(I),Pressure(I)
68O NEXT I
690 Finish: 1
700 PRINTlE 1S CRT
710 DISP "Press F2 to continue"
720 PAUSE
730 LOAD "ZOC_ MENU",10
740 END
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10 1 Program: TABULATE ZOC
20 1 Deacription: Tabulates data compiled from program SCAN_ZOC_04.
30 DIM Data disclSC231
40 DIM Data disc25(231
30 Input: I
so CLEAR SCREEN
70 PRINT "Program tabulates Zoc presaures and calibration data from"
s0 PRINT "the SCANJ Z-C 05 program."
90 INPUT "Zoe # (1.2.3). date (YHDD), and run # of date to be reviewed:",ZocDateS,Run
100 CLEAR SCREEN
110 Data fiLe1o-"ZC"&VALS(Zoc )&Date*&VALS(Rtm)
120 Data file22-" ZR"&VALT( Zoc )&Datet&VALS(Rum)
130 Data diselS-Data filelSa":. 700,0,1"
140 Data disc2$-Data_file2S&" :.700,0,1"
150 ASSIGN UVatapat1l TO Data discl$
160 ASSIGN IDatapatb2 TO Data diac2$
170 REAL N1,N2
180 STATUS UData_pathl,3;Nl ! Determine number of records
190 STATUS UData_path2.3;N2 Determine number of records
200 ALLOCATE REAL C(N1-i.10) I Define REAL array of records
210 ALLOCATE REAL D(l:N2,32) I Define REAL array of records
220 ENTER GData pathl;C(*)
230 ENTER IDatajpath2;D(*)
240 !
250 INPUT "First port of calibration date to be displayed (0-Exit):W.Port_o
260 IF Port o-0 THEN Finish
270 INPUT "LEat port of calibration data to be displayed:".Port f
280 INPUT "Print results to CRT or Printer (0-CRT l-Printer)?",Prt
290 IT Prt-0 THE
300 MRINTER 1S CRT
310 LS
320 PRINTER IS 711
330 END IF
340 Print resulta: I
350 MiT -Reduced Data Tabulation at a sample rate of";l/C(0,0);" Hz"
360 PRINT
370 Formatl:IHAGE K,2XK,2X,K,2X,K
380 PRINT USING Formatl;"Port","Sample 1","Sample 2","Sample 3"
390 Format2:IMAGE 4D,2X,4D.3D,2X,4D.3D,2X,4D.3D
400 1-1 IID Data for a given sampling number
410 FOR P-Port o TO Port f
420 MRINT USING Format2;P.D(I,P),D(I+i.P).D(I+2.P)
430 NEXT P
440 PRINT
450 PRINT "Calibration Data Tabulation for Zoc#";Zoc
460 MRINT
470 PRINT "Pressure voltage readings:"
480 Fomat3:IMAGZ K,4X.X,6X.K.SX.K.6XK.X2.K,6X.KSX.K
490 PRINT USING Foriat3; "Port", "ND". 'IR"" "NI", "10"."PL". "P",""
500 Fozrut4:IMAGE 3D,X,3D.3D,X,3D.3D,X,3D.3D,X,3D.3DX,3D.3DX.30.3D.X,3D. 3D
510 PRINT USING Format4.0,C(0,4),C(0,5).C(0,6),C(0.7),C(0,8),C(0,9).C(0.10)
520 FOR P-Port o TO Port-f
530 PRINT USING Format4;P.,C(P.4),C(P,5),C(P,6),C(P,7).C(P.8),C(P.9),C(P,1O)
540 NEXT P
550 PRINT
560 PRINT "Calibration polynomial coefficients for Zoc#";Zoc
570 FozmatS:IMAGE K,8X.K,16X,K,16X.K,16X,K
580 PRINT USING Format5;"Port","AO". "Al", "A2","A3"
590 FOR P-Port o TO Port-f
600 PRINT P;TAB(5);C(P.0);TAB(24):C(P, 1);TAB(43);C(P.2);TAB(62):C(P.3)
610 NEXT P
820 1
630 ASSIGN @Date pathl TO *
640 ASSIGN *Dats_peth2 TO *
650 DEALLOCATE C(*)
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660 DEALLOCATE D(*)
670 !
680 INPUT "Review data or Exit (0-Exit 1-Roview):",Action
690 IF ActionO TUN Finish
700 PRINT

710 00 Input
720 Finish: !

730 PRINTER IS CRT
740 LOAD "ZOCMN" 10
750 END
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10 1 Program: LSPLOT
20 ! Decript: Plots calibration results and Least Square curve from
30 ! data provided by SCAN_ZOC_04
40 1
50 CCH /Plot labeLsI REAL Xo.Xf,Yo.Yf,Dx,Dy,TitleS(6OJ,XlabelS(50],YLabel$(5GO

60 ! Input variables -------------------------------------------... .--------
70 CLEAR SCREEN
so PRINT "Prograin: LS PLOT"
90 PRINT
100 PRINT "Program plots the calibration curve from Least Square coefficients"
110 PRINT "and the calibration data points contain in the Calibration Data File."
120 PRINT
130 PRINT
140 PRINT "Press F2 to continue after calibration display is plotted"
150 PRINT "Press cShift, <Oump Graph' for printout of plot on the printer"
160 INPUT "Enter Calibration Data file nmeo:",Datafile$
170 Loop: I
180 INPUT "Enter Port #:".P
190 INPUT "Enter ain range of pressure reading (in Hg):",Xo
200 INPUT "Enter max range of pressure reading (in Hg):",Xf
210 INPUT "Enter min range of Zoc voltage reading (Volts):".Yo
220 INPUT "Enter max range of Zoo voltage reading (Volts):",Yf
230 INPUT "Plots DUMPED to Think Jet or Laser Jet Printer:(0-TJ I=LJ)",Duwp_device
240 IF Dump_device-i TEEN
250 DUMP DEVICE IS g
260 ELSE
270 DUMP DEVICE IS 711
280 END I7
290 1
300 Title$-'Least Square Plot oi CAL2000 Calibration (Port# "&VALS(P)&" )"
310 .labelS-"VoLts"
320 1 labeL1-"Pressuze (In Eg)"
330 Dzx10 ITi marks per X-azis on plot
340 DY-12 ITIc marks per Y-azis on plot
350 CLEAR SCREEN
360 I
370 1 Load data --------------------------------------------------------------
380 DIM Data disa$(23]
390 Datadisc8-Datafile&": .700,0,1" IDefine data transfer path
400 ASSIGN IData path TO Data-discS
410 REAL N
420 STATUS lData path,3;N !Determine Length of data file
430 ALLOCATE REAL D(N-1,10) fAllocate an array to accept data
440 ENTER §atapath;D(*) ILoad data into emory in array 0(*)
450 I
460 1 PLot routine---------------------------------------------------------
470 CALL Plot !Rountine to display graph background
460 FOR X--3 TO 3 STEP .1 IPlot calibration curve
490 Fx-(D(P.0)+D(P,1)*X+D(P,2)*X-2+ (P,3)*aX3)
500 PLOT Fx.X
510 NEXT X
520 S€-.01 !Scale size of plotting squares
530 FOR 1-4 TO 10 IPlot Squares around data points
540 PLOT D(0.I).D(P.I),-2 !Move pen to data point position
550 CALL Square(Xo,Xf.Yo,YfSc) ISubrountine to plot squares
560 NEXT 1
570 ASSIGN UDatapath TO
580 1
590 PAUSE
600 CLEAR SCREEN
.510 INPUT "Graph another calibration plot: ( 0-No 1-Yes )",Again
620 DEALLOCATE D(*)
8311 IF Again-i THEN Loop
841. LOAD "•ZOCENU•,10
650 END
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680 !
670 SUB Plot
660 1 Subroutine to display plot screen, less the plots of any curves
690 1 for the specified variables in the COM /Plot_labels/ line.
700 CCI /Plotlabels/ Xo,Xf.Yo.Yf,DxDy,TitleS,XlabelSY labelS
710 CLEAR SCREEN
720 KEY LABELS OFF
730 GINIT lInitialize graph routine
740 X-range-Xf-Xo !Length of X-axis
750 Y renseyf-Yo ILength of Y-axis
760 Law3 6 ICharacter ref pt:top center
770 MYVZ 100*RATIO/2,100 tHove cursor to screen loc for labels
760 CSIZE 3 ISizes labeling
790 LABEL Title IPlot title
800 MOVE 100-RATIO/2.0 IHove cursor to bottom center screen
810 LORO 4 !Character ref pt:bottom center
820 LABEL X labelS IX-axia Label
830 DEG !Desig degrees for LDIR
840 LDZR 90 ISets Y-axis label on end
650 1.03 S
860 MOVE 0,50
870 LABEL Y label$ IY-axis label
S60 LDIR 0 IReset Label to horizontal orientation.
a90 LORG 2 IChr ref pt:left center
900 VIEWPORT 10,90"RATIO,10,90 ISots graph screen size
910 FRAME IBox around VIEWPORT
920 WIN6DOW Xo,Xf,Yo,Yf 1Set axis lengths in VIEWPORT
930 AXES X-zsnge/Dx,Y renge/Dy,Xo.Yo ItAxe intersect at lower left
940 AXES Xrensg/Dx,YregSODy,Xf.Yf lAxee intersect at upper right
950 GRID XIrnselDx, Yrengo/Dy.Xo,Yo.Dx,D. .001
960 CLIP a" I5o labels can print outside VIEWYORT
970 CSIZI 3.0..4 lAxes label eise
9g0 LG 6 INumber X-axis
910 1M I-NO TO If STEP XIrange/Ox
1000 OVY lYo-. 01*Y range
1010 LABEL USING "#.K";I
1020 NEXT I
1030 LORG 8 !Number Y-axis
1040 FOR I-Yo TO Yf STEP YTrange/Dy
1030 MOVE Io-.01*X-rangeI
1060 LABEL USING "#,K";I
1070 NEXT I
1060 CLIP ON
1090 I
1100 SUDEND
1110 SUB Square(Xo,XfYo,Yf.Sc)
1120 ISubroutine to plot squares around the local origin designated
1130 Iby the PLOT statement.
1140 Xd-Sc*(Xf-Xo) !X diaplacement for RPLOT
1150 Yd-Sc*(Yf-Yo)*RATIO !Y displacement for RPLOT
1160 RPLOT -Xd,Yd,-2
1170 RPLOT XdYd,-1
1180 RPLOT Xd,-Yd,-l
1190 RPLOT -Xd,-Yd,-1
1200 R11.0 -Xd,'Yd,2
1210 SU1E3D
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10 !Program: ZOCMENU
20 !Description: Menu for utilization of the Zoc-14 and CALSYS 2000.
30 CLEAR SCREEN
40 CONTROL CRT,5;4
50 KEY LABELS ON
60 ON KEY 1 LABEL "SCAN 1-3ZOCS" GOTO Scan_1
70 ON KEY 2 LABEL "READ ZOCDATA" GOTO Read-z
80 ON KEY 3 LABEL "PLOT ZOCDATA" GOTO Plot

90 ON KEY 4 LABEL "READ CALSYS20" GOTO Calsys
100 O KEY 5 LABEL "TABULATECAL DATA " GOTO Tab-date
110 ON KEY 6 LABEL "PLOT CALDATA" GOTO Plotcal
120 ON KEY 7 LABEL "HP6944A MENU" GOTO Main
130 ON KEY 8 LABEL "EXIT MENU" GOTO Exit
140 !
150 PRINT "Zoc Electronic Pressure Module Operation Menu"
160 PRINT
170 PRINT "Item: Select Function Key"
180 PRINT
190 PRINT " Scan 1-3 ZOC-14 Modules (32 ports me) Fl"
200 PRINT " Read reduced data from ZOC-14 module F2"
210 PRINT " Plot reduced data from ZOC-14 module F3"
220 PRINT " Read CALSYS 2000 calibration pressures F4"
230 PRINT " Read tabulated calibration data FS"
240 PRINT " Plot Calibration data F6"

250 PRINT
260 PRINT " DP6944A Main Menu F7"
270 PRINT " Exit Menu F8"
280 1
290 Bold: f
300 GOTO gold
310 Scan 1: I
320 CLEAR SCRN
330 PRINT "Loading SCAN ZOC 05"
340 LOAD DIN "IWOmRKTATIONS/BIN5.I/TRANS"
350 LOAD DIN "/W.CRJCSTATIONS/BIN5.1/SERIAL"
360 LOAD "SCAN ZOC 05",l0
370 Plot: I
380 LOAD BIN "/WORISTATIONS/BINS.1/GRAPHX"
390 LOAD "PLOTeDATA",10
400 Read-z: !
410 LOAD -READ -ZOC".10
420 Calays: !
430 LOAD DIN "/WORISTATIONSIBINS.1/SERIAL"
440 LOAD "CAL-READ )PR1". 10
450 Tab data: I
460 LOAD "TABULATE ZOC" .10
470 Plot Cal: !
480 LOAD BIN "/WORKSTATIONS/BINS.l1/GRAPH1X"
490 LOAD "LSPLOT", 10
500 Main: I
510 LOAD "HP6944A MENU",10
520 Exit:CLEAR SCREEN
530 END

Figure A23 ZOC-14 DAS Program: ZOCMENU
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APPENDIX B. ZOC-14 PROGRAM DEVELOPMENT CHRONOLOGY

The following prargraphs provide a chronological summary

of the SCANZOC program development using the HP14753A CAT

Programs. First, the HP6944A manuals required the hardware

configuration of the I/O cards be determined. Second, review

of the interface requirements to operate the ZOC-14 units

identified the binary ZOC address codes to set. The HP69730A

Relay Output Card then provided the closure contacts required

to set the required address codes28 . The HP69759A A/D Card

provided the signal conversion process to read the ZOC-14.

I/O card edge connectors are fabricated from hardware supplied

with the I/O cards to provide thG interface between the cards

and the ZOC-14. The program "SCANZOC_01", Figure B1,

provides control and reads data voltage values from the ZOC-

14. SCANZOC_01 was the simplest in the series of development

programs.

"SCANZOC_02" , Figure B2, integrated new programming

features and hardware into a complete data acquisition program

for utilizing one ZOC-14. The significant features were,

* segmenting the main program into "blocks" of routines

* utilizing arrays for data processing

28 Refer to Ref. 26 for details on the Relay Output Card.
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6 harduare integration of the CALSYS2000

* integration of the Buffer and Timer Functions

4 data reduction using Least Squares calibration curve
fitting

* data storage to the hard drive using BUFFER arrays.

This program did not utilize the Zero Operate and Calibrate

method. Calibration data were first collected and stored in

a BUFFER array. Raw pressure data were then collected and

retained in the HP69791A Memory Card. Calibration data were

reduced using the Least Squares routine. The calibration data

were then transferred to the hard drive calibration data file.

Raw pressure data were extracted from the memory card,

reduced, and stored on the hard drive reduced-pressure data

file.

BUFFER arrays were used for the high speed data handling

capabilities. A data transfer was initiated with a buffer and

the computer executed the next line without waiting for the

transfer to complete. This process allowed data transfer

while the computer was performing the next command, thereby

minimizing processing time.

SCANZOC_02 did not control the CALSYS2000. Control was

provided by a seperate 386 desk top computer with a modem

connected to the CALSYS2000 through the computer's RS-232C

port. Interfacing the HP9000 with the CALSYS2000 requized

resolution of RS-232C data stream handling techniques.
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"SCANZOC_03", Figure B3, introduced new features. Over

SCANZOC_02, the new features were;

* the use of subroutines and the CASE statements to provide
multiple ZOC-14 interfacing into the data acquisition
system.

* incorporating full control of the CALSYS2000 using HP9000
commands.

The techniques to control the CALSYS2000 are discussed in

section II.B.2.d.

"SCANZOC_04", Figure B4, incorporated the following

additional features,

"* incorporation of a second ZOC-14 into the process to

validate multiple ZOC-14 operation

"* command lines to handle a second CALMOD 2000

"* incorporation of the Zero Operate and Calibrate principle.

The command line to operate a second CALMOD did not interfere

with the current CALSYS2000 operation since this command used

an address character "2" and the installed CALMOD only

responded to address character "1".

Integration of the "Zero Operate and Calibrate" prihciple

required collecting measured pressure data followed by

calibration data. This process posed a memory storage problem

for multiple ZOCs. The problem was rectified by transferring

the raw data to a hard drive data file for recall off-line.

Three advantages were associated with this technique:
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1. Programming simplification, by not having to identify raw
and calibration data separately on the memory card.

2. Additional data collection capacity was made available by
sequential utilization of the memory card.

3. Multiple data and calibration runs could be conducted
which were limited only by the hard drive storage
capacity.

Data reduction could be accomplished at any later time,

providing considerable flexibility. It is to be noted,

however, that sufficient space on the hard drive wai -equired

to be set aside to store the reduced data. The user must

manage hard drive space when acquiring large quantities of

data. Transfer of raw and calibration data to the floppy disk

is one solution. This would require the user to generate a

transfer program similar to the FILE XFER program, Figure D17,

on the /UTILity directory.

The Scan Frequency input (1-100,000 Hz) for the

SCANZOC_02, SCAN ZOC_03, and SCANZOC_04 programs was

improperly implemented. The Timer Function required that a

specified "Period" be input to define the length of the "step"

or logic-high portion of the square wave trigger output 29 .

The programs previous to SCANZOC_05 used the reciprocal of

the Scan Frequency as the Period to be input. This resulted

in square wave periods twice the intended value. SCANZOC_05

correctly adjusts the Scan Frequency input used to define the

29 Ref. 15 defines the input variables for the Timer
Function.
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Timer Function Period value, changing the input frequency

range to "1-50,000 Hz". In SCANZOC_05 the Scan Frequency

input value is first inverted, then the resulting period is

divided by two to obtain the Timer Period value. In the first

three programs this division by two was omitted and thus the

programs gave a two-fold decrease in the data sampling rate.

This error was discovered during the development of the

PLOTDATA program, Figure A20. The program plots reduced

pressure data versus time for a specified ZOC port number.

The detected error was detected when the plot showed only half

the number of data points for the calculated time span. That

SCANZOC_05 uses the correct Timer Period value was verified

by the PLOTDATA program.
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10 1 Program: SCAN_ZCC 01
20 ! Description: Application program to operate HP6944A collecting voltage
30 1 readings from a ZOC using HP6944A cards.
40 1 Program provides voltage reading from a single ZOC for a
so specified port number 1-32.
60 1 This program was primarily an instruction aid to learn about
70 1 HP6944A operation and ZOC operation.
80

90 1 Hardware: RP6944A Multi-processor
100 1 -(1) Relay Output Card (HP69730A)
110 1 -(1) 500 kHz AID Card (HP69759A)
120 1 (1) ZOC-14 32 port Electronic Pressure Scanning Module
130 1
140 Notes: 1. ZOC address driven by Relay Output card connecting ZOC's
150 1 AO-A4 leuds to the Relay Output card's edge connector:
160
170 1 ZC Relay Contact
180 1 AO A
190 1 Al C
200 1 A2 E
210 I A3 H
220 ! A4 K
230
240 1 Relay Contacts 1.3.5.7, & 9 were connected together and
250 1 tied into 20C'm ground wire to complete the address circuit.
260 1 (Ref ZOC-14 Instruction Manual dwg 8329 sht 3 of 3)
270 I 2. ZOC's Output Plus lead was connected to AID edge card
280 1 acomection W, and ZOC Output Cammon connected to AID Y
290 1 (Ref D6752A Manual pg 2-3, fig. 2-1)
300 1 3. 2CC powered by OA-2 Op Amp Designer internel power supply.
310 I 4. CALSYS2000 sets the different ZCC modes through a pneumatic
320 1 switch matrix. CALSYS2000 defaults to the Zero Operate mode
330 1 whbn energized providing CTL2 (Px CTL) control pressure to the
331 1 ZCX, and allow senor pressure readings of any of the 32 ports.
340 5. A by-pass valve is installed between CALSYS2000 PSC and
350 ! CALOD to minimized Nitrogen usage by closing the valve.
360 I CALMOD is not operative until external ASCII commands are
370 1 provided via RS_232C cable to the CALMOD following CALSYS2000
380 1 energizing.
390 !
400 1 LOADSUR ALL FROM "CONFIGURE" ITheoe two commands must be initated
410 I LOADSUB ALL FROM "LIBRARYS.1" Ito append required SUB and CSUB
420 1 Iroutines to the end of this program
430 COG /Issscom/ INTEGER X(1:1106)
440 CC4 /loss heapl eass heap(1000)
450 CM /Names/ Zooaddress,Zoc_prsssure lIdentify: Relay Output. A/D
460 Configure("Auk me","ZOCCONFIG 01") !Load Configuration File, and
470 1 !request for file review/alteration.
480 Systemmintt !Initialize Relay Output and AID
490 1
500 ! ------ BODY OF APPLICATION PROGRAM ..--------------------------------------
510 1
520 REAL Port reading.Port_req
530 INPUT "Enter Port 0 (1-32): ',Port_rsq !Input port #
540 Output(Zocaddroas,32-Port req) !Select port # by Relay Output
550 Input(Zoc©pressure.Portreading) lRead ZOC voltage value from AID
560 1
570 PRINT "Port #";Port_req;" reading: ";Port_resding
560 !
590 STOP
600 --------- END OF MAIN PROGRAM -------------------------------------------
610
620 END

Figure B1 Development Program: SCANZOC_01
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10 Program: SCANZOC_02
20 Description: Application program to operate HP6944A collecting pressure
30 readings from one ZOC-14 32 port module using the CAL2000
40 to provide calibration data, reduce raw pressure data and
50 store data to the hard drive.
60 I Hardware: HP6944A Multi-processor
70 -500 kHz AiD Card (HP69759A)
80 I -High Speed Memory Card (HP69791A)
90 1 -Timer/Pacer Card (HP69736A)
100 1 -Counter Card (HP69775A)
110 1 CAL2000 Calibration Module
120 ZOC-I1 32 port Electronic Pressure Scanning Module
130 1 Note: This Program utilizes only one (1) Zos Module.
140 1
150 Buffer Memory: 65536 16-bit data words in HP69791A
160 Timer: Maxim-m 32676 counts for one HP69775A
170 1
160 CC1 /Issacom/ INTEGER X(1:1106)
190 CCH /lass.hesp/ lass heap(1000)
200 CON /Nhmoul Relay,Buffer.Adcl.Timer
210 Configure ( "M•nu off". "ZOC CONFIG 02")
220 !Configure("Ask me", "ZOC CONFIG_02")
230 !
240 Body: I ------ BODY OF PROGRAM -----------------------------------------
250 !
260 Input variables: I ----- INITIAL PARAMETERS----------------------------------
270 PRINT "Program:"
280 PRINT * - Scans a single Zoc-lA module with 32 pressure sensing ports."
290 PRINT " - Stores reduced data on the hard drive (:.700,0,1)."
300 PRINT - - CAL2000 Calibration Module used for the reference pressure standard."
310 PRINT " - Raw pressure data reduced using calibration data from CAL2000"
320 PRINT " and data from Zoos In the calibration mode."
330 PRI
340 PRINT "Input variables: Scan frequency (1-100,000 No)"
350 PRINT Sample* per Port (1-1021)"
360 1
370 ! Hax speed of HP system is Period-0.000002 sec. or 500 kHz.
380 !
390 PRINT
400 INPUT "Enter data rate (l-lOOkHz):",Hz
410 INPUT "Number of samples per port (1-1021): ",Sample number
420 Period-i/Hz
430 PRINT
440 PRINT "Data acquisition rate: ";l/Period;" Hz"
450 PRINT "Number of samples per port: ",Sample number
460 PRINT "Total raw data acquisition time: ",Period*Sample-number-32;" sec."
470 !
480 Cal initial: .- CALIBRATION SET-UP -------------------------------------
490 ?
500 REAL C&1(1:1120) I Calibration collection array for
510 1 5 samples per port, 7 calibration
520 ! runs using CAL2000.
530 REAL Zoc cal(32,10) ! Calibration data array. Format:
540 Zoc cal(0,0)-Period
550 Zoc cal(0,1)-Sample number
560 !
570 ! For ports i-1 to 32
560 t Row 0: 0 0 0 0 KH NM RL ZO PL PM PH (pressure Hg.)
590 1 Row i: AO Al A2 A3 NiH NM HL ZO PL FM PH (LS coef.press volts)
600 ! LS coef are Least Squares curve fit coof for third order polynomial.
610
620 Calibrate-i I Set calibration run
630 Count-10 I Set count to collect calibration data
640 Index-I Set index for cat data collection
650 PRINT

Figure B2 Development Program: SCANZOC_02
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660 PRINT "Ensure CAL2000 is on-line and initialized"
670 PRINT
680 PRINT "Set CAL2000 calibrate mode (sequence: NH,NM.NL,ZO,PL,PM,PH)"
690 PRINT
700 Cal routine: I --------------------------------------------------------------

710 INPUT "Read RP value, and enter:",Zoccal(0,Index+3)
720 PRINT "Secondary Pressure Standard: ";Zoccal(0.Index+3)
730 !
740 Scan sacs: !ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ
750 INote: Zoe address driven by Counter Card binary output at edge connection.
760 1 Calibration routine collects 5 samples per Zoc port.
770 1 Raw deta collection follows calibration collection routine.
780 !
790 Wait time-INT(Count*Period)+10 I Set Timer wait time to +10 secs.
800 Init(Timer) ! Initialize Timer system
810 Set timeout(TimerWait time) ! Set Wait for period of xx secs.
820 Set count(TimerCount) ! Set Count number into Timer
830 Set~period(Timer.Period) ! Set Timer pulse length in secs.
840 Init(Buffer) ! Initialize Buffer for data storage
850 Start(Timer) I Start data sample collection
860 Wait for(Timer) D Oata samples stored in Memory System
070 !
880 1 Collect calibration data from Memory System
890 IF Calibrate-0 THEN Reduce cal dat
900 Inputrblock(Buffer.Cal(*),160.(Inde-1)*160)! Collect cal run data
910 Index-Index+l
020 IF Index<8 THEN Cal-routine I Loop cal data collection runs
930 1
940 I Collect raw data initialization
950 CLEAR SCREEN
960 PRINT "Roset Zoo mode to read pressure data"
970 DISP "Press F2 to continue"
980 PAUSE
g90 CLEAR SCREEN
1000 PRINT "Collecting raw pressure data." I Set parameters to collect raw data
1010 Calibrate-0
1020 Count-Sample-number*32 ! Set Count as function of sample number
1030 a and number of port readings (32) on
1040 ! Zoo for raw data collection.
1050 GOTO Scen-zocs ! Raw data run.
1060 1

1070 1 End of Zoo scan routine
1060 Reduce cal dat:! .---- REDUCE CALIBRATION DATA
1090 1 Routine to reduce Cal(*) into Zoo cal(IJ)
1100 1
1110 REAL A(3.3),S(3),C(3),SumzC(S).Ainv(3,3) I Least Square reduction arrays
1120 PRINT
1130 PRINT "Reducing calibration data."
1140 FOR J-4 TO 10 ! Cal runs: NO.NMNLZO,PL.PM.PH
1150 FOR 1-1 TO 32 I Zoc ports per calibration run
1160 FOR K-0 TO 4 I Number of samples per run
1170 Zoc-cal(I,J)-Zoc cal(I,J)+Cal(I+K*32+(J-4)*160)
1180 NEXT K
1190 Zoo cal(I,J)-Zoccal(IJ)/5 ! Average of 5 samples per port I
1200 NEXT
1210 NEXT J
1220 !
1230 Loestesquaree:I
1240 ! Calibration data reduction using Least Squares Polynominal fitting.
1250
1260 FOR K-1 TO 32 ! Loop for each port
1270 I

1280 MAT C- (0)
1290 MAT Sum x- (0)
1300

Figure B2 (cont) Development Program: SCANZOC_02
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1310 FOR J-1 T0 6 ! Routine to reduce individual port cal
1320 FOR 1-4 TO 10 1 data into elements to a power x-j
1330 Sun x(J)-Sum-x(J)+Zoccal(K.I)^J
1340 NECIX.
1350 NEXT J
1360 1
1370 FOR 1-0 TO 3 ! Derive A array
1360 FOR J-0 TO 3
1390 A(I.J)•.umzx(I+J)
1400 NEXT J
1410 NEXT 1
1420 A(0.0)-7
1430 1
1440 FOR J-0 TO 3 t Derive C array
1450 FOR 1-4 TO 10
1460 C(J)-C(J)+Zoccal(K,I)'J*Zoccal(0,I)
1470 NEXT I
1480 NET J
1490 !
1500 MAT A inv- INV(A)
1510 MAT B A-inveC 1 B array is matrix of Least Square
1520 I coefficients aO,al.a2,& a3 for polynomial
1530 I equation fitting calibration data for a
1540 1 specified port
1550 1
1560 Zoo cal(K.0)-B(O) I Collect Least Square coefficients
1570 Zoeocal(K.1)-8(1)
1580 Zoocali(X,2)-B(2)
1590 Zoo el(X,3)-3(3)
1500 I
1610 NXT K
1620 1
1630 Data trmafer: ----- TRANSFER DATA PHFMEIMRY SYTEMN TO HARD DISC
1540 t Routine transfers data from Memory System to hard drive via buffer blocks
1850 1

1660 1 Transfer calibration data end coefficients to hard drive
1670 DIN Data diacl$123] I Define string for data file name
1680 Data fIIels-"ZOCXCAL"
1690 Data-discl$-Datefielo1&":.700.0,1"
1700 PURGE Data disol$
1710 CREATE BDAT Data discl$.33.8*11 I Create BDAT file of 11*8 byte
1720 ASIGN $Datapathl TO DetadisclS I Assign path to hard drive
1730 OUTPUT UDatapatbl:Zoccal(*) I x33 records and store on hard drive
1740 AISIGN satapatb2 TO * I Close buffer path
1750 I

1760 I Reducing raw data and transferring data to hard drive
1770 PRINT
1780 PRINT "Reducing raw pressure data and transferring data to hard drive."
1790 INTEGER Data int(0:32) I Extracted INTGER raw data
1800 REAL Data-rsw(0:32) I Translated REAL raw data
1810 REAL Data red(0:32) ! REAL reduced data
1820 REAL Data buffer2(0:32) BUFFER ! Raw data transfer buffer
1830 REAL Data buffer3(0:32) BUFFER I Reduced data transfer buffer
1840 DIM Data disc25(231 I Define string for data file name
1850 DIM Data disc35(231
1860 REAL Nd
1870 Data fie2•-"ZOC_RAW"
1860 Data-file38-"ZOCREDUCE"
1890 Data disc2S-Oata file23&":,700,0.1"
1900 Data dLsc3$3-ata fiLe3S&":,700,0,1"
1910 PURGE Data-disc2S
1920 PURGE Data disc3$
1930 CREATE BDAT Data-disc25.10,8*33 ! Create BOAT file of 33*8 byte records

1940 ! and initial 10 records
1950 I Each record contains one scan of the

Figure B2 (cont) Development Program: SCANZOC_02
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1960 ! 32 port Zoc in REAL pressure values
1970 ! corrected by CAL2000 values
1980 CREATE BDAT Data disc3S.10.833
1990 ASSIGN @Dataepath2 TO Datadisc23 I Asigan path to hard drive
2000 ASSIGN SDatayath3 TO Data disc3$
2010 Coamt inblock-32 ! Number of samples per block transfered
2020 Block number'rCount/Countinblock ! Number of transfer blocks
2030 1
2040 FOR BLock-1 TO Sample number I Loop routine to transfer data
2050 ASSIGN Suffer peth2 TO BUFFER Data buffer2(*);FORMAT OFF
2000 ASSIGN Ifufferpath3 TO BUFFER Data buffsr3(*);FORMAT OFF
2070 Input iblock(Buffer.Data8int(*).Count_inblock.l)I Load data samples to
2080 1 buffer in blocks
2090 Translate(Adcl.Dataeint(*),Dataerav(*))! Load INTE9E data into
2100 I REAL data buffer array
2110 I

2120 I Routine to reduce raw data using polynomial:
2130 1
2140 1 Data reduce - sO + al*x + a2*x-2 + a3*x-3
2150 I
2160 I where aO,al,a2. & a3 are Least Square coefficients, and x is
2170 1 the individual port raw data value.
2180 1

2190 FOR K-1 TO 32
2200 Data-red(K)-Zoccal(K. 0)+Zoc-cal(t. 1)*Data-raw(K)+Zoc-calC(, 2)*Data-raw(K)"2+Zoc-csl(K, 3)*Datasraw(K)'3

2210 NEXT K
222=0

2230 Data-raw(0)-Psriod*(3lock-1) I Store raw data sample time
2240 Data:red(0)-Poriod*(Block-1) I Store reduce data sample time
2250 1
2260 MAT Data buffer2- Data raw I Transfer raw & red data to buffer
2270 MAT Data buffer3- Data red
2280 I
2290 CONTO IBufferpath2, 4;(Com tjlnblock+l)*'6 Close REAL buffer when full
2300 COTROL Iufferpatb3.4; (Coumtjinblock+l)*8
2310 TRANSFR 4Bufferpath2 TO tData path2! Transfer data to hard drive
2320 TRANSFER lBuffer path3 TO IData path3
2330 ASSIGN iBuffer path2 TO *
2340 ASSIGN Ilufferpath3 TO *
2350 NMEC Block
2360 I
2370 STATUS SDataspath3.3;Nd I Determine data file length
2380 ASSIGN $Dat peath2 TO * I Close buffer path
2390 ASSIGN UDataepath3 TO *
2400 I

2410 CLEAR SCREEN
2420 PRI1T "Calibration date file: ";Data filel3
2430 PRINT "Raw date file: ";Data_file2$
2440 PRINT "Reduced data: ";Date file33
2450 PRINT "Number of records (scans) in ";Datafile3S;'" is: ";Nd
2460 PRINT
2470 PRINT "Use READ ZOC to read data from ";Deta_ftle2$;" and "';Datasfile3S
2480 PRINT "Use TABULATEZOC to read calibration data from ";Data_filel$
2490 !
2500 Finish:!
2510 DISP "Press F2 to continue."
2520 PAUSE
2530 LOAD "HP6944A MENU", 10
2540 Endbody: --------- END OF MAIN PROGRAM ----------------------------------

2550 !
2560 END

Figure B2 (cont) Development Program: SCANZOC_02
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10 ! Program: SCANZOC_03
20 ! Description: Application prosram to operate SP6944A collecting pressure
30 ! readings from 1-3 ZOC-14 32 port modules using the CAL2000
40 ! to provide calibration data, reduce raw pressure data and
50 1 store data to the hard drive.
60 1 Hardware: HPSP44A Multi-proceasors
70 ! -500 kHz A/D Cards (SP69759A)
80 ! -High Speed Memory Cards (HP69791A)
90 1 -Timer/Pacer Card (HP69736A)
100 1 -Counter Card (HP69775A)
110 I CAL2000 Calibration Module
120 1 ZOC-14 32 port Electronic Pressure Scanning Modules
130 1 Notes: 1. This progrsm utilizes up to three (3) Zoc Modules storing data
140 ! of each Zoe into a seperate buffer Memory System (HP69791A).
150 £ 2. CM4 /Names line and BDAT file ZDCCONFIG_03 must match for this
160 ! progrem to operate.
170 1
180 ! Buffer Memory: 65536 16-bit data words in RP69791A per system
190 1 Timer: Haximum 32676 counts for one HP69775A
200 ! Max speed of HP system is Period-0.000002 sec. or 500 kHz.
210 1
220 COM /Issscom/ INTEGER X(1:1106)
230 CCM /Teas heap/ less heap(1000)
240 CCO /Namea/ Iuffer.AdclTimer
250 Configure(i4enu off", "ZOCCONFIG_03")
260 IConfigure("Ask me", "ZOC CONFIG 03")
270 I
280 Input: I ----- INPUT VARIABLES ---------------------------------------------

290 PRINT "Program: SCAN _ _C 03"
300 PRINT " - Scans 1-3 Zoo-i4 Modules (32 pressure sensing ports each)."
310 PRINT - Selected ntmber of Zoos determines the size of stored data files."
320 PRINT ' - CAL2000 Calibration Module used for the reference pressure standard."
330 PRINT " - Rma pressure data reduced using calibration data from CAL2000"
340 PRINT " and date from Zo•s in the calibration mode."
350 PRINT " - Stores reduced data on the hard drive (:,700.0.1)."
360 PRINT " - Progrem designed to operate three (3) Mmmory-A/D Cards simultaneously."
370 PRINT
380 PRINT "Input variables: Scan frequency (1-100,000 Hz)"
390 PRINT " Samples per Port (1-1021)"
400 PRINT " Number of Zoca to be used"
410 PRINT " Calibration/Reduced data file none ID"
420 1
430 1 COM assigns calibration data array for 3x32 Zoc ports (96 total)
440 COM /Zoe0dat/ REAL Zoc_cal(96,10) BUFFER
450 CO4 /State/ REAL Period.Somple nuaber
460 PRINT
470 INPUT "Enter data rate (1-100kaz):".Hz
480 INPUT "Number of amples per port (1-1021): ",Sample number
490 INPUT "Ntmber of Zoo's connected to. ulti-programer".Zoc number
500 Period-l/Hz
510 Wait-fora1.5 ! Wait time for CAL2000 stabilization
520 PRINT
530 PRINT "Data acquisition rato:";TAB(50);Ez;" 0z"

540 PRINT "Number of smples per port:" ;TAB(50) ;Samplenumber
550 PRINT "Number of Zoces to be scanned:";TAB(50);Zoc_number
560 PRINT "Total number of ports to be scanned:";TAB(S0);Zocnumber*12
570 PRINT "Total calibration data acquisition time:";TAB(50)-Psriod*5*32+(9*Wait_for);" sac."

580 PRINT "Total raw data acquisition time:";TAB(50);Period*Sumplenumber*32;" sec."
590 I

6001 ! Calibriti-n date qrrmy' Zn., cal'9S.i0)
810 1 Format:
520 I For ports i11 to 96
630 ! Row 0, column 0: Period
640 ! Row 0, column 1: Sample number
650 ! Row 0, column 2: Number of Zocs being used

Figure B3 Development Program: SCANZOC_03
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660 ! Row 0: - - - - N8 HM M L ZO PL PM PH (pressure HS.)
670 ! Row i: AO Al A2 A3 NO NH NL ,0 PL PM PH (LS coefpress volts)
680 I LS coef are Least Squares curve fit coef for third order polynomial.
690 !

700 Zoc_cal(0,0)-Period
710 Zoc cal(0.1)-Sample-number
720 Zoc calO (02 )-Zocnumber
730 1
740 PRINT
750 PRINT "Ensure CAL2000 is on-line, calibration pressure source at 90 psi,"
760 PRINT "and calibrator pressure cut-off valve is open (on back of CAL2000)"
770 DISP "Press F2 to start data aquisition"
760 PAUSE
790 !
800 Initial cal: ! -------- CALIBRATION SET-UP
810 !
820 CLEAR SCREEN
830 PRINT "Collecting calibration data."
840 REAL Cal1(1120),Cal2(1120),Cal3(1120)1 Calibration data array
850 REAL Cal(1120) I SUB pros call data array
860 Count-32*5 ( Set count to collect calibration data
870 CONTROL 9.5;3 1 Sot DTR & RTS to active for CAL2000
880 DIM Comand_mode$(1:7)[2J
890 Command mode8(1)-"NH"
900 Comnand mode(2)W"NM"
910 Coomand nodes( 3 )-"WL"
920 Corned mode (4)-"ZO"
930 Comend-modes (5)"PL"
940 C dmomidod$ (6 )"PM"
950 ComaandsoddsC (7)"PB"
960 OUTPUT 9;"IC";CUR(13);END i Initializes CAL2000
970 VWAIT Wait-for I Allows CAL2000 pressure to stabilize
980 I
990 Collect cal dat: I---- COLLECT RAN CALIBRATION DATA-----------------------
1000 1
1010 1 Collect raw calibration data for each CAL2000 setting
1020 FOR Index-1 TO 7
1030 CALL Cal2000(Comnand modeS (Index), Index,Waitfor)
1040 CALL Scan zocs(Count,Period)
1050 FOR Zoc case-1 TO Zoeonumber
1060 SELECT Zoe-case
1070 CASE 1
1080 CALL Zoo dat cal(Buffsr,Call (*),Index)
1090 CASE 2
1100 CALL Zoo dat cal(Buffer2,CaL2(e) .Index)
1110 CASE 3
1120 CALL Zoe dat cal(Buffer3,Cal3(), Index)
1130 END SELECT
1140 NEXT Zoc case
1150 NEXT Index
1160 1

1170 ! Adjust Calibration pressure sign to account for CAL2000/Zoc method
1160 1 of setting negative calibration pressures.
1190 Zoc cal(0,4)--Zoc_cal(0,4) ! MU adjustment
1200 Zoc cal(0,5)--Zoccal(0,5) NM adjustment
1210 Zoc cal(0,6)--Zoccal(0,6) I NL adjustment
1220 I
1230 CLEAR SCREEN
1240 PRINT "Calibration data collection complete."
1250 PRINT
1260 PRINT "*** Secure Calibrator pressure valve to conserve Nitrogen *'"
1270 PRINT
1280 PRINT "CAL2000 Calibration modes and pressures (in Hg):"
1290 PRINT TAB(5);"NH":TAB(15):Zoc cal(0,4)
1300 PRINT TAB(5);"NM";TAB(15);Zoc-cal(0,5)
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1310 PRINT TAB(5);:"NL":TAS(15);Zoc-cal(0,6)
1320 PRINT TAB(5);"ZO";TAB(15):Zoc-cal(0.7)
1330 PRINT TA8(S):"'L";TA8(15):Zoc-cal(0.8)
1340 PRINT TAB(S);"PH";TAB(15);Zoc-cal(O.9)
1350 PRINT TAB(5);"PH";TAB(15);Zoc-cal(0.lO)
1360 I
1370 Collect raw dat: !--- COLLECT RAW PRESSURE DATA
1380 PRINT
1390 PRINT "Collecting raw pressure data." 1 Set parameters to collect raw data
1400 OUTPUT 9;"IC";CHPS(13);END I Reinitialize CAL2000
1410 WAIT Wait-for
1420 Count-Sample-number*32 I Set Count as function of sample number
1430 a and number of port readings (32) on
1440 I Zoe for raw data collection.
1450 CALL Scanesocs(Count.Period) I Collect raw data into Memory System
1480 PRINT
1470 PRINT "Raw date collection complete.-
1460 I
1490 Reduce cal dot:! .---- REDUCE CALIBRATION DATA
1500 ! Routine to reduce Cal (*) into Zoccal(IJ)
1510 I
1520 PRINT
1530 PRINT "Reducing calibration data."
1540 FOR Zoe case-1 TO Zoc number
1550 SELECT Zoccase
1560 CASE 1
1570 CALL Zoecdeatred(Call(*).1)
1580 CASE 2
1590 CALL Zoodeared(Cal2(e),2)
1800 CASE 3
1610 CALL Zoe dat red(Cal3(*),3)
1620 END SELECT
1830 NXT Zo- cane
1640 I
1650 Data truanfer: -- TRANSFE DATA FM MEMORY SYSTET TO HARD DISC
1660 f Routine transfers data from Memory Systm to bard drive via buffer blocks
1670 !
1680 CLEAR SCREEN
1690 1 Transfer calibration data and coefficients to hard drive
1700 ON ERROR GOSUB Purgesfile
1710 INPUT "Enter Calibration and Reduced Data file name ID (11 char max):".FileoidS
1720 Hard driv9-": ,700.0,1"
1730 REAL Nd,Nr
1740 1
1750 t---Transfer calibration data to hard drive
1760 PRINT "Transferring calibration data to the hard drive."
1770 DIM Data disclS[231 I Define string for data file name
1760 Data ftl18-"_zc"-&File ids I Zoc calibration file name
1790 File nameS-Data filelS I Used for file purging if required
1800 Data-discIS-Da;a fllel1&Berd driveS
1810 CREATE BOAT Data-discl$,33.8*11 I Create BOAT file of 11*8 byte
1820 ASSIGN IData_pathl TO Data disclS ! Assign path to hard drive
1830 ASSIGN Iluffer pathl TO BUFFER Zoc_csl(*) Assign buffer path
1640 CONTROL SBuffer pathl.4;8*11*(Zoc number*32+1) !Set data file length
1850 TRANSFER SBuffer pathl TO @Datajpathl !Store cal data on hard drive
1860 STATUS SData pathl,3;Nr N Number of records in cal file
1870 ASSIGN @Buffer-pathl TO * I Close path
1860 ASSIGN GD)ta pathl TO * I Close path
16g0 I
1900 1---Reducing raw data and transferring data to hard drive
1910 PRINT
1920 PRINT "Reducing raw pressure data and transferring data to the hard drive."
1930 DIM Data disc2S(23J ! Define string for data file name
1940 Data file2S-"ZR"&FileidS Reduced data file name,
1950 File_nameS-Data_fils2$ ! Used for file purging If required
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1960 Data disc2S-Data file2$&Harddrives
1970 CREATE BDAT Data disc2S,10,8*33 ! Create BDAT file of 33*8 byte records
1980 ! and initial 10 records
1990 1 Each record contains one scan of the
2000 ! 32 port Zoc in REAL pressure values
2010 ! corrected by CAL2000 values
2020 ASSIGN @Data_path2 TO Data disc2$ 1 Assign path to hard drive
2030 !
2040 FOR Zoc case-i TO Zooenumber Collect raw data, reduce data and
2050 SELECT Zooecase ! and store reduce data on hard drive
2060 CASE 1
2070 CALL Raw red dat(Buffsrl,UDatapsth2)
2080 CASE 2
2090 CALL Raw red dat(Buffer2,2,UDatapath2)
2100 CASE 3
2110 CALL Raw reddat(Buffer3.3.§Datapath2)
2120 END SELECT
2130 NEXT Zooecase
2140 !
2150 STATUS lDatapath2.3;Nd I Reduced data file length
2160 ASSIGN lData_path2 TO * I Close buffer path
2170 !
2180 CLEAR SCREEN
2190 PRINT "Calibration data file: ";Data filel$;" containing";Nr;" records."
2200 PRINT "Reduced data file: ";Data filsiU;" containins";Nd;" records."
2210 PRINT
2220 PRINT "Files ":Data_filel$;" and ";Date file25;" are located on hard drive ";Hard drives

2230 PRINT "Data reading progrms available fram HPS944A menu."
2240 1
2250 Finish:t
2260 DISP "Preas F2 to continue."
2270 PAUE
2260 LOAD "P60944A IU-,10
2290 Purge file: 1
2300 IF EIRh-54 TH
2310 PURGE File.nomeegard drivoS
2320 END IF
2330 RETURN
2340 I
2350 END
2360 End:!
2370 I Routine to operate CAL2000
2380 SUB Cal2000(CcmoandS,IWaitperiod)
2390 CW /Zoc datl REAL Zoo cal(96.10) BUFFER
2100 DDI PreasureS[51 I Required to read data stream
2110 OUTPUT 9;Comand;C5(13):END !. S&ts calibration mode
2420 WAIT Waitperiod I Allow CAL2000 to stabilize
2430 OUTPUT 9;"RP';CHRS(13);END I Reads CAL2000 calibration pressure
2440 ENTER 9 USING "#,SD.5DESZZ,K";Zoc_cal(0.I+3),PressureoS
2150 SUBEND
2160 ! --------------------------------------------------------------------------
2470 ! Routine to operate HP6941A to collect pressure data and store in Memory
2480 Note: -Zoe address driven by Counter Card binary output at edge connection
2490 1 through a 7401 open collector DTL/TTL located in an auxiliary box.
2500 !
2510 SUB Scanzocs(Count,Period)
2520 COM INamesl Buffer,Adcl.Timer
2530 Waittime-INT(Count*Period)+10 I Set Timer wait time to +1C secs.
2530 Init(Timer) I Initialize Timer system
2550 Set timeout(Timer.Wait-time) ! Sot Wait for period of xx sacs.
2560 Set count(Timer,Count) I Set Count number into Timer
2570 Setperiod(TimerPeriod) ! Set Timer pulse length in secs.
2580 Init(Buffer) I Initialize Buffer for data storage
2590 IINIT(BUFFER2)
2600 IINIT(BUFFER3)
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2610 Start(Timer) I Start data sample collection
2620 Wait for(Timer) I Data samples stored in Memory System
2630 SUSEND
26401 ------------------------------------------------------------------------
2650 I Routine to read raw calibration data from Memory System
2660 SUB Zoedat cal(8uff,Cal(*),.)
'670 Input rblock(Euff,Cal(*),160. (1-1)'160+1)
2680 SUEND
2690 1 -----------------------------------------------------------------------
2700 ! Routine to reduce Cal-(*) into Zoc_cal(I.J)
2710 SUB Zotdat_ rd(Cal(*),Zoc)
2720 CON /Zo_ det/ REAL Zoc_cal(96,10) BUFFER
2730 REAL A(3,3).B(3).C(3),Sum x(6),Ainv(3,3)! Least Square reduction arrays
2740 REAL Calx(256.5)
2750 FOR J-j TO 10 1 Cal runs: NR,NMNL,ZOPL.PM.Pg
2760 FOR 1-1 TO 32 ! Zoo ports per calibration run
2770 Il-(Zoo-1)*32+1
2780 FOR K-0 TO 4 1 Number of samples per run
2790 Zoe cal(IT.J)-Zoc_cal(I1,J)+Cel(I+K*32+(J-4)*160)
2800 Ca.( Z+(J-4)*32.K+1)-Ca1(r+K*Cj2+(J-4)*160)
2810 NUT K
2820 too cal(1l,J)-Zoccal(Il,J)/5 I Average of 5 samples per port 1
2830 NEXT I
2840 NEXT J
2850 I
2800 GOTO Least squares
2870 I Print raw calibration data
2880 PRINTER IS 711
2890 PRINT "Raw calibration data for Zoco";Zoc
2900 PRINT
2910 Foxnat:D4AG0 3D.2X.3D.3D,2X,3D.3D,2X.3D.3D,2X,3D.3D,2X,3D.3D
2920 FOR K-1 TO 7
2930 PRINT "RP-";K
2940 FOR J-1 TO 32
2950 I-J+((K-1)*32)
2960 PRINT USING Fozmat;J,Calx(I,1),Calz(I,2),Calz(I.3),Calx(I,4),Calx(I,S)
2970 NEXT 3
2980 NEXT K
2990 PRIXTZR IS CRT
3000 !
3010 Least squares:!
3020 1 Calibration data reduction using Least Squares Polynominal fitting.
3030 1
3040 FOR K-1 TO 32 t Loop for each port
3050 i1-(Zoo-1)'32+K
3060 I
3070 MAT C- (0)
3080 HAT Sumiz- (0)
3090 1
3100 FOR 3-1 TO 6 1 Routine to reduce individual port cal
3110 FOR I-4 TO 10 1 data into elements to a power xzj
3120 Sumx(J)-Sumx(J)+Zoc_cal(K1,)3
3130 NEXT I
3140 NEXT
3150
3160 FOR I-0 TO 3 ! Derive A array
3170 FOR J-0 TO 3
3160 A(I.J)-Sum-x(I+J)
3190 NEM? 3
3200 NEXT I
3210 A(0,0)M7
3220
3230 FOR J-0 TO 3 ! Derive C array
3240 FOR 1-4 TO 10
3250 C(J)-C(J)+Zoc cal(K1.I)-J*Zoc cal(0,1)

Figure B3 (cont) Development Program: SCANZOC_03

136



3260 NEXT I
3270 NEXT J
3280 !
3290 MAT A inv- INV(A)
3300 MAT B- Ainv*C I B array is matrix of Leaq9 Square
3310 ! coefficients aO,ala2,& a3 for polynomial
3320 ! equation fitting calibration data for a
3330 1 specified port
3340 !
3350 Zoccal(K1.0)-B(O) I Collect Leaat Square coefficients
3360 Zoc cal(Kl,1)-8(1)
3370 Zoc cal(K1,2)-B(2)
3380 Zoc cal(K1,3)-B(3)
3390 !
3400 NEXT K
3410 SUBEND
3420 ! -------------------------------------------------------------------------
3430 SUB Rawred dat(Buff, Zoc, CData_path2)

3440 ! Routine to reduce raw data using polynomial:
3450 CC*H /Zoc dat/ REAL Zoccal(95,10) BUFFER
3460 REAL Red data(32) BUFFER
3470 REAL Raw data(32)
3480 Cc" /Stats/ REAL Period,Samplenumber
3490 FOR Block-1 TO Sample number ! Loop routine to transfer data
3500 ASSIGN Buffer~path2 TO BUFFER Red data(*);FORMAT OFF
3510 Input rblock(BuffRaw data(*),32,1) I Load data samples
3520 SuMpl-etime-Bcock*Period
3530 !
3540 1 Red data - sO + el*x + &2*x'2 + a3*z^3
3550 !
3560 ! where aO,al,a2, & a3 are Least Square coefficients, and x is
3570 t the IndividuaL port raw data value.
3500 !
3590 FR K-1 TO 32
3800 XI-(Zoc-1)*32+K

3610 Red data(K)-Zoccal(K1,0)+ZoccalC(Kl1 )*Raw-data(K)+Zoc-cal(Kl,2)*Rawdata(K)-2+Zoc-cal(Kl,3)*Raw-del-
3620 NUT K
3630 I
3640 Red data(0)-Sample_time ! Store reduce data sample time.
3650 !
3660 CONTROL Uuffer path2.4;(32+1)*8 I Close buffer when full
3670 TRANSFER SBuffer path2 TO @Datapath2 I Transfer data to hard drive
3680 ASSIGN IBuffer path2 TO C

3690 NUT Block
3700 SUIEND
3710 ! --------------------------------------------------------------------------
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10 1 Program: SCAN - C_04
20 1 Description: Application program to operate HP6944A collecting pressure
30 1 readings from 1-3 ZCC-14 32 port modules using the CAL2000
40 to provide calibration data, reduce raw pressure data and
SO store data to the hard drive.
60 I Hardware: (1) HP5944A Multi-processors
70 ! - (2) 500 kHz A/D Cards (HP69759A)
80 - (2) High Speed Memory Cards (HP69791A)
90 ! - (1) Timer/Pacer Card (HP69736A)

100 1 - (1) Counter Card (HP69775A)
110 1 (1) HiScan CAL2000 Calibration Module
120 1 (1) ZOC-14 32 port Electronic Pressure Scanning Modules
130 1 Notes: 1. This program utilizes up to three (3) Zoc Modules storing data
140 1 of each Zoc into a separate buffer Memory System (HP69791A).
150 I 2. COM /Names/ line and BDAT file ZOCCCONFIG_04 must match for
160 ! this program to operate.
170 1 3. HiScan requires a short period to stabilize before reading
180 I the pressure valves. The Wait for statement (line 340) sets this
190 1 wait period in seconds. Adjustment of the variable my be required
200 1 Ls additional Zocs are integrated into the Data Acquisitior System.
210 I 4. HiScan currently configured for one (1) calibrator. This
220 ! program is written to operate one (1) or two (2) calibrators.
230
240 1 Buffer Memory: 65536 16-bit data words in RP69791A per system
250 1 Timer: Maximu= 32676 counts for one HP69775A
260 I Max speed of HP system is Period-O.000002 sec. or 500 kHz.
270 I
280 CO /Issascom/ INTEGER X(1:1106)
290 CON /.. sseheap/ rass haap(1000)
300 C0H /Names/ BufferlAdcl,Buffer2,Adc2,Timer
310 IConfigure("Menuuoff", "ZCC CONFIG_04")
320 Confiauza("Ak me", "ZCCC-CFIG_04")
330 I
340 Wait for-1.S I Wait time for HiScan stabilization
350 1
360 Input: I ----- INPUT VARIABLES ----------------------------------------------
370 PRINT "Program: SCAN ZCC_04"
380 PRINT " - Scans 1-3 Zoc-14 Modules (32 pressure sensing ports each)."
390 PRINT " - Uses Zero Operate Calibrate (ZOC) principal:"
400 PRINT " - Collects raw pressure data (Zero Operate)"
410 PRINT " - Collects calibration data (Calibrate)"
420 PRINT " - Reduces raw data and stores data on hard drive :.700,0,1"
430 PRINT " - HiScan Calibration Module used for the reference pressure standard."
440 PRINT " - Raw pressure data reduced using calibration data from HiScan"
450 PRINT " and Zocs in the calibration mode."
460 PRINT " - Program designed to operate up to three (3) Memory-A/D Cards"
470 PRINT " simultaneously. CON /Nemes/ line must match Multi-programner"
480 PRINT " (HPa944A) configuration. ZOCCONFIG 04 file must be updated"
490 PRINT " to the revised CCM /Names/ line when altered."
500 PRINT
510 PRINT "Input variables: Scan frequency (1-100,000 Hz)"
520 PRINT " Samples per Port (1-1021)"
530 PRINT " Number of Zocs and their capacity"
540 PRINT " Calibration/Reduced data file name ID"
550 !
560 ! CC4 assigns calibration data array for 32 Zoc ports and standard values.
570 CCM /Zoc dat/ REAL Zooccall(33,10) BUFFER,Zoccal2(33,10) BUFFERZoc-cal3(33,10) BUFFER
580 COM /Stats/ REAL Period,Samplonumber,Wait_forINTEGER Cal_mod id(3)
590 MAT Zcccall- (0)
600 MAT Zoc-cal2- (0)
610 MAT Zoc cal3- (0)
620 PRINT
630 INPUT "Enter data rate (1-IOOkHz):",Hz
640 INPUT "Number of samples per port (1-1021): ",Sample_number
650 INPUT "Number of Zoc's connected to Multi-programer",Zocnumber

Figure B4 Development Program: SCANZOC_04

138



860 Cal. mod id(O)-Zoc number
670 FOR Zoc case-l TO Zoc number
680 SELECT Zoe case
690 CASE 1
700 INPUT "Enter Calibration Module number set for Zoc #1 (Enter 1 or 2):",Calmodid(1)
710 CASE 2
720 INPUT "Enter Calibration Module number set for Zoc #2 (Enter 1 or 2):",Calmodid(2)
730 CASE 3
740 INPUT "Enter Calibration Module number set for Zoc #3 (Enter 1 or 2):",Cal mod id(3)
750 END SELECT
760 NMXT Zoo case

770 INPUT "Enter Calibration and Reduced Data file name ID (10 char max):",FileidS
780 Period-1/Hx
790 PRINT
800 PRINT "Data acquisition rato:";TAB(50);Hz;" Hz"
610 PRINT "Number of samples per port:";TAB(50);Sample number
820 PRINT "Number of Zoos to be scanned:";TAB(50);Zoc number
830 PRINT "Total number of ports to be scanned:";TAB(S0);Zoc number*32
840 PRINT "Total raw data acquisition time:";TAB(50);Period*Sample number*32;" sec."

850 PRINT "Total calibration data acquisition time:";TAB(50);Periods5*32+(7*Waitfor);" sec."
860 !
870 Zoccall(0,0)-Period
880 Zoo call(O.,1)-Somple.number
80 Zoocall(0,2)-I
900 Zooecll (O,3)-Cal mod id( 1)
910 Zoo cal.2(0.0)-Period
920 Zoe cal2.(0,1 )-gample numbre
930 Zoo oal2(0,2)-2
940 Zoco e.!C (0,3)-Cal mod- id(2)
950 Zoooel3(O, 0)-Period
960 Zooeal3(0,1)-Samplenumber
970 Zooe C*3 (0.2)-3
980 Zoo cal3 (0,3)-Cal modid(3)
90o I

1000 PRINT
1010 PRINT "Ensure HiScan is on-line, calibration pressure source at 90 psi,"
1020 PRINT "and calibrator pressure cut-off valve is open (on back of HiScan)"
1030 1
1040 !
1050 CONTROL 9,5;3 1 Set DTR & RTS to active for HiScan
1060 OUTPUT 9;VALS(1);"IC";CHR$(13);END! Initialize Calibrator module #1

1070 OUTPUT 9;VALS(2);"IC";CHR3(13);END! Initialize Calibrator module #2
1080 WAIT Wait-for I Allow HiScan to set Zoos
logo I
1100 DISP "Preas F2 to start data aquisition"
1110 PAUSE
1120 !
1130 Collect-raw dat: I--- COLLECT RAW PRESSURE DATA ---------------------------
1140 CLEAR SCREEN
1150 PRINT
1160 PRINT "Collecting raw pressure data."
1170 Count-Sample-number*32 ! Set Count as function of sample number

1180 1 and number of port readings (32) on

1190 Zoo for raw data collection.
1200 CALL Scan_zocs(Count.Period) CoLlect raw data into Memory System

1210 PRINT
1220 PRINT "Raw data collection complete."
1230 BEEP
1240 !
1250 Raw data-ifer:-! ----- TRANSFER RAW DATA FM MEMORY SYSTEM TO HARD DISC -----

1260 PRieT
1270 !
1280 FOR Zoc-case-I TO Zocnumber I Collect raw data, reduce data and
1290 SELECT Zoc-case I and store reduce data on hard drive
1300 CASE 1
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1310 CALL Raw dat(Buffarl, t,Sample-number)
1320 CASE 2
1330 CALL Raw dat(Buffer2,2,Sample-number)
1340 CASE 3
1330 CALL Raw dat (Buffer3,3. Sample number)
1360 END SELECT
1370 NEXT Zoc case
1380 !
1390 Initial cal:! -------- CALIBRATION SET-UP
1400 1 Calibration data array for each Zoo: Zoc cal_(33 10)
1410 1 Format:
1420 I For ports i-1 to 33
1430 I Row 0, colum 0: Period
1440 1 Row 0, column 1: Sample number
14501 Row0. colimn 2: Zoo #

1460 1 Row 0, column 3: Calibrator module ID (1-50 psi 2-15 psi)
1470 1 Row 0:. . . . NH NM NL ZO PL PM PS (pressure HEg.)
1480 t Row L: AO Al A2 A3 NH NM RL ZO PL P• PH (LS coef.press volts)
1490 I LS coef are Least Squares curve fit coef for third order polynomial.
1500 1
1510 PRINT
1520 PRINT "Collecting calibration data."
1530 REAL Call(1120),Cal2(1120),Cal3(1120)! Calibration data array

1540 Count-32*5 I Set count to collect calibration data
1550 DIM Command mode8(l:7)(21
1560 Comandmode8( 1 )-"NH"
1570 Command -oiode3(2)-"3"
1580 Comand-Mode$(3)-"NL"
1590 Commandode(4 )-"ZO"
1600 Csmzd_wdea(5)-"PL"
1610 Caomendode3(6)'-IPM
1620 Ccwidmmtde8(7)--Pt"
1630 !
1640 Collect cal dat:!---- COLLECT RAN CALIBRATION DATA ------------------------
1850 1
1660 1 Collect raw calibration data for each HiScan setting
1670 FOR Index-i TO 7
1680 CALL C&12000(Commuand mode$(Index), Index)
1690 CALL Scan :oos(CotmtPeriod)
1700 FOR Zoo case-1 TO Zoe number
1710 SELECT Zbc case
1720 CASE 1
1730 Input rblock(Bufferl,Call(*), 160. (Indez-1)*160+1)
1740 CASE 2
1750 Znput.rblock(Buffer2.Ca12(*), 180, (Index-I)*160+1)
1760 CASE 3
1770 Inputrblock(Buffer3.Cal(*).160. (Indez-1)*160+1)
1780 END SELECT
1790 NEXT Zoc case

1800 NEXT Index

1810 I
1820 PRINT
1830 PRINT "Calibration data collection complete."
1840 BEEP
1850 WAIT .25
1860 BEEP
1870 OUTPUT 9;VAL$(1);"IC";CHRS(13);ENDI Initialize Calibrator module #1
1880 OUTPUT 9;VALS(2):"IC";CSRS(13);ENDI Initialize Calibrator module #2
1890 PRINT
1900 PRINT "*** Secure Calibrator pressure valve to conserve Nitrogen ***"
1910 PRINT
1920 PRINT "HiScan Calibration modes and pressures (in Hg):"
1930 Fmtl:IMAGE /,SX,K.10X,K,1OXK,10X,K
1940 PRINT USING Fmt1;"Mode","Zoc l1","Zoc #2"."Zoc #3"
1950 Fmt2:IMAGE 6X, K,10X.3D.4D.8X.3D.4D,8X,3D.4D
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1960 FOR 1-4 TO 10
1970 PRINT USING Fmt2;Command modeS(I-3),Zoccall(0,I),Zoc_cal2(0,I).Zoc_caI3(0.1)
1980 NEXT I
1990 1
2000 Reduce cal dat:!- ---- REDUCE CALIBRATION DATA AND STORE ON HARD DRIVE -----
2010 ! Routine to reduce Cal_(*) into Zoc cal (I,J) and store on hard drive
2020 1

2030 PRINT
2040 PRINT
2050 PRINT "Hard drive name -- :,700,0,1"
2060 FOR Zoc case-I TO Zoo number
2070 SELECT Zoc-case
2080 CASE 1
2090 CALL Zoo dat red(Call(*),Zoc-call(*),FileidS)
2100 CASE 2
2110 CALL Zoc dat_red(Cal2(*),Zoccal2(*),FileidS)
2120 CASE 3
2130 CALL Zoc dat red(CaL3(*),Zoc_cal3(*).File-id$)
2140 END SELECT
2150 NEXT Zoo-case
2160 !
2170 Reduce data:! --... REDUCE DATA AND STORE ON BARD DRIVE
2180 1 Routine loads raw and calibration data from hard drive, reduces the raw
2190 ! data. and stores the reduced data to the hard drive.
2200 !
2210 FOR Zoo case-1 TO Zoc-number
2220 SELECT Zoocage
2230 CASE 1
2240 CALL Rawred dat(Zoc call(*) .File..d)
2250 CASE 2
2260 CALL Raw red dat(Zoc ca12(e),File•id$)
2270 CASE 3
2280 CALL Raw red-dat(Zoaoal3(*) File id$)
2290 END SELECT
2300 NEXT Zoe-came
2310 !
2320 BEEP
2330 WAIT .25
2340 BEEP
2350 WAIT .25
2380 BEEP
2370 !
2380 Finish:!
2390 PRINT
2400 PRINT "Available Memory: ";SYSTEMS("AVAILABLE MEORY")
2410 DISP "Press F2 to continue and return to ZOC Menu."
2420 PAUSE
2430 LOAD "ZOC!ENU", 10
2440 !
2450 END
2460 End:,
2470 ! Routine to operate RPS944A to collect pressure data and store in Memory
2480 !Note: -Zoo address driven by Counter Card binary output at edge connection
2490 ! through a 7404 open collector DTL/TTL located in an auxiliary box.
2500
2510 SUB Scan_zocs(Count,Period)
2520 CCH /Names/ Bufferl,Adcl.Buffer2,Adc2,Timer
2530 Wait-time-INT(Count*Period)+10 I Set Timer wait time to +10 sees.
2540 Init(Timer) ! Initialize Timer system
2550 Set timeout(Timer,Wait-time) ! Set Wait for period of xx secs.
2560 Set count(Timer,Count) ! Set Count number into Timer
2570 Set period(Timer,Period) ! Set Timer pulse Length in secs.
2580 Init(Bufferl) ! Initialize Buffer for data storage
2590 Init(Buffer2)
2600 !INIT(BUFFER3)
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2810 Start(Timer) Start data sample collection
2620 Wait for(Timer) ' Data samples stored in Memory System
2630 SUBEND
2640 ! --------------------------------------------------------------------------
2650 f Subroutine to collect raw pressure data from Memory System and store
2660 ! onto the hard drive for future data reduction.
2670 SUB Raw dat(Buff.Zn.Sn)
2680 ON ERROR GOSUB Purge file
2690 INTEGER Raw data(1:32672) BUFFER ! Integer raw data buffer for 32*1021
2700 ! data samples. Integer format for
2710 ! mininum transfer time to storage.
2720 Data fileS-"ZRAW"&VALS(Zn) ! Raw data file
2730 Datadisc$-DatafileS&":.700,0,1"
2740 CREATE 8DAT Data disc$.l.2 I Create BDAT file of 2 byte records.
2750 ASSIGN Vatapath TO Date discS ! Assign path to hard drive
2760 ASSIGN gBufferpath TO BUFFER Rawdata(-):FORMAT OFF
2770 Inputiblock(Buff.Raw data(*).Sn*32.1) ! Load data samples
2780 CONTROL fBuffer~path,4;32*2*Sn ! Close buffer when full
2790 TRANSFER GBufferpath TO eDatapath Transfer data to hard drive
2800 ASSIGN @Buffer_path TO '

2810 ASSIGN @Data-path TO *
2820 PRINT "Raw pressure data for Zoc #";Zn;" transferred to the hard drive file ;Data_ileS
2830 GOTO Fin
2840 Purge_file: I
2850 IF ERRN-54 TUEN
2860 PURGE Data-discS
2870 END IF
2880 RETURN
2890 Fin: I
2900 SUtEND
2910 I --------------------------------------------------------------------------
2920 I Subroutine controls calibrationmode and reads pressure from Pressure
2930 I Standard into Zoe cal(') array.
2940 9OD Ca12000(CnsandS,I)
2950 CON /Zo. dotl NEAL ZoecallM(B) BUT FEZoo-Gae2(*) BUFFER Zoccal3(*) BUFFER
2960 CON /Stats/ REAL PeriodSmnple nmberWait for.INTEG Calmod-id(3)
2970 DIN PressureSC5] ! Required to reed data stream
2980 OUTPUT 9;VALS(l);Command$;CHRS(13)1END I Sets calibrator #1 mode
2990 OUTPUT 9;VALS(2);ComandS;CBHR(13);END I Sets calibrator #2 mode
3000 WAIT Wait for I Allow HiScan to stabilize
3010 FOR K-1 T6 Cal modid(0) t Read HiScan cal press
3020 SELECT K
3030 CASE 1
3040 OUTPUT 9;VALS(CaIlmod id(l));"RP" ;CER(13);END
3050 ENT1E 9 USING "#.SD.SDESZZ,.K":Zoccall(0.I+3),PressureS
3060 CASE 2
3070 OUTPUT •;VALS(Cal mod id(2));"RP";C3RS(13);END
3060 ENT1 9 USING "#,SD.SDESZZK";Zoc_cal2(0,I+3).PressureS
3090 CASE 3
3100 OUTPUT 9;VALS(CaL mod id(3));"RP";CHRS(13);END
3110 ENTER 9 USING "#.SD.SDESZZ.K":Zoc-csl3(0,I+3),PressureS
3120 END SELECT
3130 NEXT K
3140 IF I-3 TEEN I Account for positive pressures used
3150 Zoocall(0,I+3)--Zoc call(0.I+3) ! by HiScan in the NHi.NM. & NL mode.
3160 Zoo cal2(0.I+3)--Zoccal2(0,I+3)
3170 Zoccal3(0,I+3)--Zoecal3(0,I+3)
3180 END IF
3190 SUBEND
3200 --------------------------------------------------------------------------
3210 Subroutine reduces calibration data collected from Memory System and
3220 1 HiScan calibration pressure data into a Third-order polynomial curve
3230 ! fit using the Least Squares routine. The complete calibration array
3240 ! Zoccasl is then stored onto the hard drive.
3250 SUB Zoc dat-red(REAL Cal(*),Zoc_cal(*) BUFFER,FidS)

Figure B4 (cont) Development Program: SCANZOC_04
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3260 REAL A(3,3),B(3),C(3).Sum x(6),Ainv(3.3)! Least Square reduction arrays

3270 !
3280 1 Converting Cal(*) to Zoccal(*)
3290 FOR J-4 TO 10 1 Cal runs: NHNM,NLZOPL,EM,PI
3300 FOR 1-1 TO 32 ! Zoc ports per calibration run

3310 FOR K-0 TO 4 ! Number of samples per run
3320 Zoccal(I,J)-Zoccal(I,J)+Cal(I+K*32+(J-4)*160)
3330 NEXT K
3340 Zoo cal(I.J)-Zoo cal(I.J)/5 I Average of 5 samples per port I

3350 NEXT M
3360 NEXT J
3370 1
3380 I Calibration data reduction using Least Squares Polynominal fitting.
3390 FOR K-1 TO 32 ! Loop for each port
3400 1
3410 MAT C- (0)
3420 MAT Sumix- (0)
3430 !
3440 FOR J-1 TO 6 1 Routine to reduce individual port cal
3450 FOR I-4 TO 10 1 data into elements to a power x'j

3460 Sum x(J)-Sumx()+Zoccal(K.I)iJ
3470 T I
3480 NEXT 3
3490 !
3500 FOR 1-0 TO 3 I Derive A array
3510 FOR J-0 TO 3
3520 A(I.J),Saa-x(I+J)
3530 NIX? 3
3510 NEXT 1

3550 A(0,0)-7
3560 !
3570 FOR J-0 TO 3 1 Derive C array
3580 F I-4 TO 10
3590 C(J)-C(J)+Zocal(C.)3'JZoccal(O,I)
3600 NT I
3610 NEXT 3
3620 I
3630 MAT A in- INV(A)
3640 MAT B; AinveC I 3 array is matrix of Least Square

3650 1 coefficients aO,ala2.& a3 for polynomial
3660 1 equation fitting calibration data for a
3670 I specified port
3680 I

3690 ! Collect Least Square coefficients
3700 Zocoal(X,0)-B(0)
3710 Zoe cal(K,1)-(C1)
3720 Zocoal(K,2)-B(2)
3730 Zoocal(K.3)-B(3)
3740 !
3750 NEXT.X
3760 !
3770 I Transfer calibration data to hard drive.
3780 ON ERROR GOSUD Purgesfile
3790 DIM Data dlsc$(231 I Define string for data file name
3800 Data file$SZC"&VALS(Zoc-cal(0.2))&" .1&F idS ! Zoc calibration file name
3810 Data disc$-Oata filoeS":,700,0,l"
3820 CREATE BDAT Data diec$,33,8e11 I Create 8DAT file of 11*8 byte
3830 ASSIGN @Data~path TO Data-discS I Aesign path to hard drive
3640 ASSIGN @Buffer_path TO BUFFER Zoccal(*):FORMAT OFF

3850 CONTROL @Buffer_path,4.;8*1133 !Set data file length
3860 TRANSFER IBufferpath TO IDatapath!Store caL data on hard drive
3870 ASSIGN UBuffer path TO I I Close path
3880 ASSIGN @Data-path TO * I Close path
3890 PRINT "Calibration data for Zoc #";Zoccal(0.2);" transfer to the hard drive file ":Data-tileS

3900 GOTO Fin

Figure B4 (cont) Development Program: SCANZOC_04
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3910 Purgefile: !
3920 IF ERN-54 THEN
3930 PURGE Date discs
3940 END IF
3950 RETURN
3960 Fin:
3970 SUBEND
3960 ! -----------------------------------------------------------------------
3990 1 Subroutine Loads raw data from the hard drive, reduces the data using
4000 1 calibration coeficients, and stores the reduced data onto the hard drive
4010 SUB Raw red dat(REAL Zoa_cal(*) BUFFER,F_idS)
4020 COM /imea/ Bufferl.Adcl,Buffer2,Adc2,Timer
4030 INT Data integor(1:32) BUFFER
4040 REAL Data real(1:32),Data(32) BUFFER
4050 DIM Data iile2@2[231

4060 ON ERRR G Purgefile
4070 Data -filel0 " ZRAW"&VALS(Zoc cal(0, 2))
4060 Data disclSDaOta filelS&":, 700,0.1"
4090 Data fil e2$'ZR"&VALS(Zoc cal(0.2) )&"_"elidS
4100 Data_ "sc2Satafile2S&" :, 700,0,1"
4110 CREATE BDAT Data disc2$.1,8*33 I Create BDAT file of 33*8 byte records.
4120 ASSIGN dDatajpathl TO Data discl$
4130 ASSIGN lData path2 TO Data disc2S
4140 CONTROL IData8pathl,5;2 !Set read pointer to first data byte
4150 1
4160 1 Recover raw data, convert to real, reduce then store in blocks
4170 1 of samples (32 ports scanned per block)
4180 FOR Block1 TO Zoc_cal(0,l)
4190 ASSIGN fluffoepathl TO BUFF=R Data integer(*);FOUSAT OFF
4200 TRANSE UDetapathl TO Ihfffer_pathl;COUNT 32*2
4210 CONTUOL Sfferopathl,4;32*2
4220 SELECT Zooeeal(0.2)
4230 CASE 1
4240 Trmanlate(Adcl.Data intesr(e), Data reel(*))
4250 CASE 2
4260 Translate(Adc2,Data-integer(*), Data real(*))
4270 CASE 3
4280 END SELECT
4290 !
4300 1 Routine to reduce raw data using polynomial:
4310 !
4320 ! Data - a0 + al*x + s2*x-2 + a3*x13
4330 !
4340 I where aO,ala2, & a3 are Least Square coefficients, and x is
4350 I the individual port raw data value.
4360 1
4370 Sample time-Zoocal(0,0)*(Block-1)
4380 Data(0)7-iampletime ! Store reduce data sample time.
4390 FOR K-1 TO 32
4400 Data(K)-Zoc-cal(K,0)+Zooccal(K. 1)*Data real(K)+Zoc-cal(K,2)*Oata real(X)-2+Zocc l(K, 3)*Data-real(X)"
4410 NEXT K
4420 !
4430 ASSIGN §Bufferopath2 TO BUFFER Data(*)
4440 CONTROL 63ufferpath2,4:;833
4450 TRANSFER @Bufferpath2 TO IData8path2
4460 ASSIGN @Buffer path2 TO *
4470 NEXT Block
4480 !
4490 ASSIGN @Data pathl TO *
4500 ASSIGN @Datapath2 TO *
4510 ASSIGN @Duffer pathl TO *
4520 PRINT "Reduced data file for Zoc #";Zoc_caL(O.2);" transfer to the hard drive file ";Data fil*2S
4530 GOTO Fin
4540 Purge_file:
4550 IF ERRN-54 THEN

Figure B4 (cont) Development Program: SCANZOC_04
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4560 Pt.GE Data-disc2$
4570 END IF
4580 RETTEM
4590 Fin: !
4600 SUBEND

Figure B4 (cont) Development Program: SCANZOC_04
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APPENDIX C. DATA FILE MANAGEMENT

SCANZOC_05 generates a large number of data files in a

short period of time. During program development, it was

desirable to purge these files from the "DATA" hard drive

":,700,0,1" to keep track of useable files and remove unwanted

files. The utility program "PURGEPROG", Figure Cl, was

developed to purge SCANZOC_05-generated data files from the

hard drive. This program can be used when known bad data has

been collected and it is desirable to purge these files from

the hard drive.

PURGEPROG is located on the UTILity directory (Figure

D1). It is loaded into RAM from any directory and run by

typing,

1. LOAD "/UTIL/PURGEPROG", followed by depressing the
<Enter> key to load the program into the RAM.

2. RUN, followed by the <Enter> key to execute the program.

The program executes a CAT command and displays the hard

drive files as illustrated in Figure C2. The program prompts

the user for the date (YMMDD), the first run number, and last

run number of consecutive data files to be purged. Program

actions are displayed on the screen. The program prompts the

user to purge more files or to re-display the remaining files
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using the CAT command. If file re-display (2=CAT) is

selected, the program prompts again for the date and run

numbers. Entering <0,0,0> will exit the program.
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10 !Program to purge designated files from SCANZOC_05
20 CLEJAR SCREEN
30 ON ERROR GOTO Cont.
40 DriveS-" :,700.0.1"
50 Input1: I
60 CAT Drive8;SELECT "Z"
70 PRINT
80 Input2:
90 INPUT "Enter date (Y!HtID), begin run#, end run# (0,00-Exit)".DateS,Run0,Runl
100 IF RunO-O THEN Fin

101 FOR Zoc-1 TO 3
102 FOR Rtm-RunO TO Runt
110 FileI$-"ZW"&VALS(Zoc )&Date&VALS(Run)
120 File2S"ZC"&VALS(Zoc )&Date$&VALS(Run)
130 Fil3S-"ZR"&VALS(Zoc)&Datoe&VALS(Run)
140 Purgel: !

150 PURGE FilelS&DriveS
160 PRINT "Purged file: ";FilelS
170 Purgse2: I
1I0 PURGE File23SDrive$
190 PRINT "Purged file: ";File2S
200 Purge3: 1
210 PURGE File3S&Drive$
220 PRINT "Purged file: ";File3$
280 GOTO Next
290 Cant: !
300 IF MRN-56 THEN
310 SELECT ERRLJ
320 CASE 150
330 GOTO Puzge2
340 CASE 180
350 GOTO Purge3
360 CASE 210

-370 GOTO Next
360 END SELECT
390 END IF
400 RETURN
401 Next: !
402 NEXT Run
403 NEXT Zoo
405 Print: 1
406 PRINT
407 INPUT "Purge move? (0-No 1-Yes 2-CAT)",Act
408 IF Act-I THEN Input2
409 IF Act-2 THEN Inputl
410 Fin: I
420 LOAD "ZOC -MENU". 10
430 END

Figure Cl TPL Program: PURGEPROG
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:,700.0,1
VOLUME LABEL: DATA
FILE NAME PRO TYPE REC/FILE BYTE/REC ADDRESS DATE TIME

ZW1203161 BDAT 97 2 592 16-May-92 14:54
ZW2205161 BDAT 97 2 594 16-May-92 14:54
ZW3205161 BDAT 97 2 596 16-May-92 14:54
ZC1205161 BDAT 33 88 598 16-May-92 14:55
ZC2203161 BDAT 33 8a 611 16-May-92 14:55
ZC3205161 BDAT 33 88 624 16-May-92 14:55
ZR1205161 BDAT 3 264 637 16-May-92 14:55
ZR2205161 BDAT 3 264 642 16-May-92 14:55
ZR3205161 BDAT 3 264 647 16-May-92 14:55

Figure C2 Hard Drive Sample Listing of ZOC-14 DAS Data Files
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APPENDIX D.* TPL PROGRAMS

A selection of programs generated for use at TPL are

documented in this Appendix. The programs are found in

individual directories according to their specific function or

purpose. Figure D1 displays the major directories and the

associated programs. Each directory is identified by the

forward slash character "1/", followed by the directory name,

and a colon, followed by the system drive name "CS8O:,700".

Subdirectories are identified by the FILE TYPE "1DIR"1. BASIC

programs are identified by. the FILE TYPE "PROGII.

"WATTOST", Figure D2, is the HP9000 initialization program

located in directory "/WORKSTATIONS". This program is called

by the BASIC system during boot-up. AUJTOST is used to display

the Main Menu and define the function keys used to select the

Sub Menus and associated programs in the HP9000 Data

Acquisition System.

Turbocharger performance mapping programs (prepared for

student laboratories) are listed in Figures D3-D6. The

program "ISCANTEMP", Figure D7, is used to monitor temperature

probes. SCANTEMP, as listed, monitors temperature probe

otitputs from the Turbocharger Test Cell. "TURBOMENU", Figure

D8, is used to select the turbocharger the above programs

(Figures D3-D7).
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Turbomachinery design programs used in the course AE 4431

are listed in Figures D9-D13.

Program "SCAN", Figure D14, is used to operate the HG-78K

Scanivalve Controller, HP3495A Scanner, HP3456A Digital

Voltmeter, and records Scanivalve transducers. SCAN and

SCANTEMP programs, located in directory /WORK/DEVICE_PROG,

are used in the majority of programs required for data

acquisition at TPL.

The sub-program "Plot", Figure D15, is appended to the end

of programs used to display plots on the HP9000 CRT, or for

generating plots on the various plotters.

The sub-program "FNDate$", Figure D16, is a user-defined

function to calculate numbered values for the date in the

format year, month, and day. FNDate$ is in sub-program

"Datefunc", which is located in the directory

/WORK/FUNCTIONPROG.

"FILEXFER", Figure D17, is a utility program used for

file transfer and "purging" on the HP9000. FILEXFER is

located in the /UTIL directory.

The program "MAINMENU", Figure D18, is used to quickly

restore the CRT screen to its system display and call-up the

Main Menu screen. The program is located in the root

directory /. Loading and executing MAINMENU is accomplished

by entering the following command on the HP9000, and executing

the command by depressing the Enter key:

LOAD "/MAINMENU",i0 <Enter>
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/WORKSTATIONS:CS80, 700
LABEL:
FORMAT: HFS
AVAILABLE SPACE: 23328

FILE NUN REC MODIFIED
FILE NAME TYPE RECS LEN DATE TIME PERMISSION OWNER GROUP

BINS.1 DIR 21 32 17-Jan-92 14:25 RWXRWXRWX 18 9
STUDENT-DIARY DIR 87 32 14-Apr-92 17:41 RWXRWXRWX 18 9
AUTOST PROG 11 256 29-Apr-92 15:32 RW-RW-RW- 18 g
DIRECTORY-INFO PROG 34 256 30-Apr-92 15:11 RW-RW-RW- 18 9

/TURBINE:CS80. 700
LABEL:
FORMAT: HFS
AVAILABLE SPACE: 23328

FILE NUN REC MODIFIED
FILE NAME TYPE RECS LEN DATE TIME PERMISSION OWNER GROUP
TUR 2R1 25l 17 4 mRn-RnnaW_ 18n ...lfl m
TURB02 PROG 14 256 1-Oct-91 17:40 RW-RW-RW- 18 9
TURBO3 PROG 14 256 1-Oct-91 17:43 RW-RW-RW- 18 9TURBO4 FROG 34 256 16-Oct-91 16:01 RW-RW-RW- 18 9

TURBO1 PROG 45 256 21-Oct-91 7:59 RS4-RW-RW- 18 9
TURBO MEXU FROG 7 256 29-Apr-92 15:52 RW-RW-RW- 18 9
SCAN •TEM PROG 6 256 30-Apr-92 7:55 RW-RW-RW- 18 9
TURBO-BAK DIR 4 32 20-Apr-92 13:49 RWXRWXRWX 18 9

/RP6944A:CS80. 700
LABEL:
FORMAT: BWS
AVAILABLE SPACE: 23528

FILE NUN REC MODIFIED
FILE NAME TYPE RECS LEN DATE TIME PERMISSION OWNER GROUP

nn -ilw -mmm na nnn m a

fpdata BDAT 18 256 3-Jan-92 7:52 RW-RW-RW- 16 9
CARD TEST FROG 444 256 3-Jan-92 7:52 RW-RW-RW- 18 9
CONFIGURE PROG 127 256 3-Jan-92 7:53 RW-RW-RW- 18 9
LIBRARY_5 FROG 888 256 3-Jan-92 7:54 RW-RW-RW- 18 9
VERIFY PROG 282 256 3-Jan-92 8:02 RW-RW-RW- 18 9
menu date BOAT 71 256 3-Jan-92 12:20 RW-RW-RW- 18 9
MENUER FROG 136 256 3-Jan-92 13:40 RW-RW-RW- 18 9
FRONT P FROG 174 256 3-Jan-92 13:41 RW-RW-RW- 18 9
5P5944A BAK DIR 8 32 30-Apr-92 12:57 RWXRWXRWX 18 9
TABULATE ZOC FROG 13 256 26-Apr-92 15:40 RW-RW-RW- 18 9
READZOC FROG 11 256 25-Apr-Y2 17:30 RW-RW-RW- 18 9
SCAN ZOC 05 FROG 1148 256 30-Apr-92 13:02 RW-RW-RW- 18 9
CAL READ FRI PROG 12 256 30-Apr-92 13:49 RW-RW-RW- 18 9
LSPLOT PROG 22 256 30-Apr-92 14:33 RW-RW-RW- 18 g
DOCUmRNT FROG 59 256 13-Apr-92 8:45 RW-RW-RW- 18 9
VER CFO BOAT 6 256 24-Apr-92 16:51 RW-RW-RW- 18 9
HP6i44A MENU FROG 7 256 7-Apr-92 7:18 RW-RW-RW- 18 9
DEVELOPMENT DIR 11 32 30-Apr-92 15:07 RWXRWXRWX 18 9
PLOT DATA FROG 29 258 30-Apr-92 14:18 RW-RW-RW- 18 9
ZOCC ONFIG_05 BOAT 5 256 28-Apr-92 16:53 RW-RW-RW- 18 9
ZOCCMENU FROG 9 256 24-Apr-92 12:55 RW-RW-RW- 18 9

Figure Dl Listing of TPL Programs by Directory
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/DESIGN:CS80. 700
LABEL:
FORMAT: HFS
AVAILABLE SPACE: 23528

FILE HUM REC MODIFIED
FILE NAME TYPE RECS LEN DATE TIME PERMISSION OWNER GROUP

DESIGN BAK DIR 4 32 30-Apr-92 8:07 RWXRWXRWX 18 9
DESIGN MENU FROG 8 256 16-Dec-91 16:41 RW-RW-RW- 18 9
R4431T FROG 21 256 16-Dec-91 13:59 RW-RW-RW- 18 9

A 4431T FROG 21 256 16-Dec-91 14:01 RW-RW-RW- 18 9
TURB3 FROG 29 256 17-Dec-91 14:32 RW-RW-RW- 18 9
TURB4 FROG 38 256 20-Dec-91 16:42 RW-RW-RW- 18 9

/WORK:CS80, 700
LABEL:
FORMAT: HFS
AVAILABLE SPACE: 23528

FILE NUM REC MODIFIED
FILE NAME TYPE RECS LEN DATE TIME PERMISSION OWNER GROUP

FUNCTIONFROG DIR 12 32 20-Apr-92 14:35 RWXRWXRWX 18 9
DEVICE FROG DIR 22 32 30-Apr-92 15:29 RWXRWXRWX 18 9
DISCREi DOC FROG 5 256 30-Dec-91 11:59 RW-RW-RW- 18 9

/WORK/DEVICE ROG:CS80, 700
LABEL:
FORMAT: RFS
AVAILABLE SPACE: 23528

FILE NUN REC MOIFIED
FILE NAME TYPE RECS LEN DATE TIME PERMISSION OWNER GROUP

CAL FROG 7 258 20-Apr-92 14:15 RW-RW-RW- 18 9
CAL READ PR FROG 11 256 20-Apr-92 14:16 RW-RW-RW- 18 9
SET BRIDGE FROG 6 256 20-Apr-92 14:16 RW-RW-RW- 18 9
READ PORT FROG 5 256 20-Apr-92 14:16 RW-RW-RW- 18 9
SCAN PORT FROG 4 256 20-Apr-92 14:17 RW-RW-RW- 18 9
BCD CONVERT FROG 4 256 20-Apr-92 14:17 RW-RW-RW- 18 9
SCA5 rTR FROG 8 256 20-Apr-92 1*:18 RW-RW-RW- 18 9
UNPACK FROG 4 256 20-Apr-92 14:23 RW-RW-RW- 18 9
RP37F PACK FROG 5 256 20-Apr-92 14:23 RW-RW-RW- 18 9
HP37BENCI FROG 7 256 20-Apr-92 14:24 RW-RW-RW- 18 9
OP37 BCD FROG 2 256 20-Apr-92 14:24 RW-RW-RW- 18 9
RP37-56 FROG 3 256 20-Apr-92 14:24 RW-RW-RW- 18 9
HP56_PACK FROG 7 256 20-Apr-92 14:24 RW-RW-RW- 18 9
HP37 EXTI FROG 4 256 20-Apr-92 14:24 RW-RW-RW- 18 9
HP56SRQ FROG 3 256 20-Apr-92 14:26 RW-RW-RW- 18 9
RP56MEM FROG 5 .256 20-Apr-92 14:26 RW-RW-RW- 18 9
RP37_EXT2 FROG 4 258 20-Apr-92 14:28 RW-RW-RW- 18 9
HP37_A(*) PFRJG 3 256 20-Apr-92 14:26 RW-RW:RW- 18 9
HP37 GRAPH FROG 12 256 20-Apr-92 14:27 RW-RW-RW- 18 9
HP37 INT FROG 12 256 20-Apr-92 14:27 RW-RW-RW- 18 9
SCAN FROG 1i 258 27-Apr-92 14:13 RW-RW-RW- 18 9
OUTPUT_9 FROG 5 256 30-Apr-92 15:29 RW-RW-RW- 18 9

Figure Dl (cont) Listing of TPL Programs by Directory
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/WORK/FUNCTIONFPROG:CS80. 700
LABEL:
FORMAT: HFS
AVAILABLE SPACE: 23528

FILE NUM REC MODIFIED
FILE NAME TYPE RECS LEN DATE TIME PERMISSION OWNER GROUP

GRAPH -ROG 9 256 20-Ap--92 14:20 RW-RW-RW- 18 9
GRAPHPLOTTER FROG 9 256 20-Apr-92 14:20 RW-RW-RW- 18 9
Plot FROG 10 256 20-Apr-92 14:20 RW-RW-RW- 18 9
DPte tun F FROG 4 256 20-Apr-92 14:20 RW-RW-RW- 18 9
Squat e FROG 4 258 20-Apr-92 14:21 RW-RW-RW- 18 9
BUFF1 PROG 9 256 20-Apr-92 14:21 RW-RW-RW- 18 9
LEASTUARE FROG 8 258 20-Apr-92 14:21 RW-RW-RW- 18 9
LSTEST FROG 18 258 20-Apr-92 14:21 RW-RW-RW- 18 9

LS PLOT1 FROG 17 256 20-Apr-92 14:21 RW-RW-RW- 18 9

TEST BDAT 4 256 20-Apr-92 14:22 RW-RW-RW- 18 9

DATA LOGGIN FROG 4 256 20-Apr-92 14:22 RW-RW-RW- 18 9
STOPWATCH FROG 4 256 20-Apr-92 14:23 RW-RW-RW- 18 '

/UTIL:CS80. 700
LABEL:
FORMAT: RFS
AVAILABLE SPACE: 23528

FILE NUM REC MODIFIED
FILE NAME TYPE RECS LEN DATE TIME PERMISSION OWNER GROUP

VERIFT FROG 153 256 31-JuL-91 16:54 RW-RW-RW- 18 9

HPIN CBECK FROG 4 256 9-Aug-91 9:03 R4-RW-RW- 18 9

BACKUP FROG 397 256 23-Aug-91 14:03 RW-RW-RW- is 9

RETURN MAIN PROG 2 256 20-Apr-92 14:34 RW-RW-RW- 18 9

MAINZMU FROG 2 256 20-Apr-92 16:02 RW-RW-RW- 18 9

PURGE FROG FROG 6 256 28-Apr-92 15:49 RW-RW-RW- 18 9

COPY FILES FROG 4 256 30-Apr-92 7:45 RW-RW-RW- 18 9

FILE XFER FROG 6 258 30-Apr-92 8:20 RW-RW-RW- 18 9

LASERJET FROG 3 256 30-Apr-92 15:58 RW-RW-RW- 18 9

Figure D1 (cont) Listing of TPL Programs by Directory
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10 !Program: AUTOST
20 !Description: Program is loaded immediately following system boot-up
30 ! providing an initial User to Computer interface through
40 ! Function Key menu selection.
50 CLEAR SCREEN
60 KEY LABELS ON
70 DUMP DEVICE IS 711
80 ON KEY I LABEL " TURBO CHARGER" GOTO Turbo
90 ON KEY 2 LABEL "COMPRESSLAB" GOTO Compressor
100 ON KEY 3 LABEL "DESIGN" GOTO Design
110 ON KEY 4 LABEL "MULTI PROGRAM" GOTO Hp6944a
120 ON KEY 5 LABEL "WORK DIR " GOTO Work
130 ON KEY 6 LABEL "BACKUP" GOTO Backup
140 ON KEY 7 LABEL "PROGRAM LISTINGS" GOTO Directory
150 ON KEY 8 LABEL "EXIT MENU" GOTO Exit
160 !
170 PRINT "RP9000 Series 300 Computer Data Acquisition System"
180 PRINT
190 PRINT "Item: Select Function Key"
200 PRINT
210 PRINT " Turbocharger Lab (*) Fl"
220 PRINT " Transonic Compressor Lab (C) F2"
230 PRINT " Turbine Design Programs (C) F3"
240 PRINT " Multi-Programmer Opertion (HP6944A) F4"
250 PRINT " Work directory (*) FS"
260 PRINT " Backup Files FG"
270 PRINT " Pg000 Program Listing and Information F7"
280 PRINT " Exit Menu FW"
290 PRINT
300 PRINT "Note: Binaries required for EP14753A CAT program are loaded"
310 PRINT " to operate the RP6944A Multi-progrnser."
320 PRINT " Additional binaries ore loaded with selection (*"
330 PRINT
340 PRINT " If Error 2 occurs: Memory overflow; reboot system using"
350 PRINT " 51Y500T statement and roselect desired directory."
360 !
370 Hold: I
380 GOTO Hold
390 Turbo: 1
400 GOSUB Load add bin
410 MASS STORAGE IS /TURINE
420 LOAD "TURBO MENU". 10
430 Compressor:
440 GOTO gold
450 Design: !
460 GOSUB Load add bin
470 MASS STORAGE IS "/DESIGN"
480 LOAD "DESIGNMEU", 10
490 Hp6944a: !
500 CLEAR SCREEN
510 MASS STORAGE IS "/HP6944A"
520 LOAD "HP6944A MENU' *10
530 Work: !
540 GOSUB Load add bin
550 MASS STORAGE IS /WoRK"
560 GOTO Exit
570 Backup: !
580 LOAD "/UTIL/BACKUP",10
590 GOTO Exit
600 Directory:!
610 MASS STORAGE IS "/WORKSTATIONS"
820 LOAD "DIRECTORY",10
830 GOTO Exit
640 Load add bin:!
650 LOAD BIN "/WORKSTATIONS/BI5.I/GRAPHX'"

Figure D2 TPL Program: AUTOST
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850 LOAD BIN 'IWORJSTATIONSIBIN5.1/!RANS"
670 LOAD BIN "/WORXSTATI0NS/BIN3.1/XREP"
680 LOAD BIN 'IWORXSTATIONS/BINS.1/SERIAL
690 LOAD BIN "/WOXSTATIONS/BIN5.1/COIPLEX"-
700 RETURNI
710 Exit:CLEAR SCREEN
720 END

Figure D2 (cont) TPL Program: AUTOST
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10 FILE NAME: "TURBO "
20 DISK LABEL: "/TURBINE"
30 1 DESCRIPTION:
40 1 THIS FROG RECORDS AND REDUCES
so RAW DATA FOR THE T-18A40 TURBO-CHARGER
s0 AS SET UP IN APRIL/MAY 1980 (RESET AUG 1991)
70 CHAN & PORT DESIGNATIONS ARE UNIQUE
80 I
90 I VARIABLES FOR SIV SECTION
100 ! V-DESIRED S/V
110 1 P-PRESENT S/V PORT
120 1 VARIABLES FOR TEMP SECTION
130 SS-SCANNER LISTEN CODE
140 S-SCANNER #
150 C-CHANMEL

160 V-DVM READING
170 AUTHOR: TERRY EARGLE
180 DATE: JUL 79 (MOD MAY 80 BY M.J. KAISER)
190 MODIFIED BY MIKE JEDWAB 1987
200 ! MODIFIED BY KELLYHARRIS/ALAN MCGUIRE 1984
210 1 MODIFIED BY RICK WENDLAND AUG 1991
220
230 I PROMPTS ADDED' ATMOSPHERIC PRESS.
231 RAW AND REDUCED DATA FILES USE DATERUN# CONTEXT IN THEIR NAME.
240 1 REDUCTION CHANGED TO USE A MEASURED STATIC PRESS FOR TURBINE
250 1 PRESSURE RATIO, I.E. INPUT STAGNATION PRESS, OUTPUT STATIC PRESS.
210 I
270 1 SCANIVALUE #I SET TO ADVANCE ONLYIIIIIIIII
260 CLEAR SCRE
290 PRINTER IS CRT
300 DISP "PLEASE WAIT WHIZE RESETTING SCANIVALVE"
310 V%-1
320 A-1
330 GOSUB Read
340 PRINT "DATA RUN FOR A TURBO-CHARGER"
350 PRINT
360 DIM X(20),Y(S),Q(8).H(23).T(1g),Z(20).AS(14.B$(14J
370 El-l ISets first record 0-1
380 INPUT "STORING DATA ? (YES-1 NO-0)",G1
390 INPUT "ENTER MDNTH,DAY,YEAR",X(3),X(5),X(7)
400 PRINT USING "K,DD,""/"",DD,""/"",DD";"DATE OF RUN: ",X(3),X(5),X(7)
410 INPUT "ENTER RUN #:".X(9)
420 I G1-0 THEN 510
430 AS-"RAW "&VALS(X(7))AVALS(X(3))&VALS(X(S))&"_"&VALS(X(9))
440 B--"RED"&VALS(X(7))&VALS(X(3))&VALS(X(S))&"_"&VALS(X(9))
450 CREATE ASCII ASa&":,700,0,1",10 ICreates raw data file
460 CREATE ASCII BS&":,700,0,1",10 7Creates reduced data file
470 ASSIGN VPathl TO AS&W:, 700,0,1"
480 ASSIGN UPath2 TO BS&" :,700,0,1"
490 PRINT "RAW DATA FILE NAME: ;A.S
500 PRINT "REDUCED DATA FILE NAME: ";BS
510 X(11)=1 StSrs first datat point #'1
520 GOTO 600
530 GOSUD Save
540 FOR 1-2 TO 20 STEP 2 !Reset X(*) for pressures to zero
550 X(1)-O
560 NEXT I
570 FOR I-l TO 5 !Reset Y(*) for tomp & RPM to zero
580 ¥(I)-0
590 NEXT I
600 PRINT USING "IK,2D,4X,K.2D";'RUN *",X(9),"DATA PT #".X(11)
610 GOSU0 1130
620 1T****e RECORD PRESSURES ******************************************.***
630 OUTPUT 722;"FIRlMOZ16STGISTIT3"!Sets-up HPI456A DVM
640 V-1 !Scanivalve #1 designated
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650 S-1 IHP3495A Scanner #1 designated
660 PRINT USING "/.SX.KDDD,/,2X,K.8X,K";"SCANIVALVE #".V,"PORT","IN. H20"
670 FOR A-1 TO 10 !Read scanivalve port values
680 GOSUB 970
690 WAIT 1.5
700 OUTPUT 701;"C" !Clears Scanner #1
710 OUTPUT 701 USING "DDD";V+9 !Scanner #1 set to read Scaniv port
720 TRIGGER 722 !Trigger DVM
730 ENTER 722;VO !Read Scaniv port data from DVM
740 A2-A*2
750 X(A2)-V0*100000 !Save Scaniv port reading in X(*)
760 PRINT USING -2X,DDD,7X.7D.D":P,X(A2)
770 NEXT A
780 OUTPUT 701;"C" !Clear scanner 1
790 0061B 1520
800 PRINT ---------------------------------------------------------
810 DISP "PLEASE WAIT WHILE RESETTING SCANIVALVE"
820 A-i
830 V-1
840 GOSUB Read
850 INPUT "RETAE SAME DATA POINT? (1-YES 0"N0)",Ui
880 I U1-1 TEEN 540
870 IF Gi-O THEN 890
680 GOSUS Save
890 INPUT "COLLECT ANOTHER DATA POINT? (1-YES 0-NO)",R
900 X(11)-X(11)+l llncrement data point number
910 IF R-1 AND GI-0 THEN 540
920 11-11+1
930 IF R-1 TUEN 540
040 GOTO 2650
950 |***** 7 A 13OG

3
JM e*ee ***** ****e e ***********EP

960 !
970 !*•**e* SUBROUTINE READ AND POSITION S/V PORTS *
980 13 -3s2-2.SCANIVALVX #1 HAS INOP H EATR <<cc <<<<<c<<<<<<<<<<x<<<<<<<<
990 Reed: OUTPUT 707 USING "#,K";V
1000 PO-SPOLL(707)
1010 L-BINAND(P0,15)
1020 Tl-ROTATE(P0,4)
1030 Ml-BINAND(T1.7)
1040 P-10*MI+L
1050 CLEAR 707
1060 IF P-A THEN Finish
1070 OUTPUT 701;"C"
1080 OUTPUT 701 USING "DDD";V-1
1090 OUTPUT 701;"C"
1100 WAIT .1
1110 GOTO Read
1120 Finish: RETURN
1130 !******SUBROUTINE TO BARO PRESS & TEMPERATURES ***e ***************
1140 OUTPUT 701;"C" !Clear scanner 1
1150 OUTPUT 722:"FIRIM0Z1T3- !Sets-up HP3456A DVM
1160 BARO PRESS IS MANUAL INPUT < < < << < < <
1170 INPUT "ENTER BAROMETRIC PRESSURE IN INCHES HG".X(l)
1180 1 INPUT "ENTER RPW",Y(6)
1190 OUTPUT 705:"INAUISMI" .Sets-up RP5335A Counter
1200 ENTER 705;Hz !Collect data from counter
1210 Y(6)-Hz*60
1220 PRINT USING "/,K,SD.DD.iOX,K,6D,/"'"BARCiETER(IN. OF RG)-",X(1)."Rpm-",Y(6)
1230 5-2 !SP495A Scanner #2 designated
1240 PRINT USING "SX.K.DD./,2X,K,8X,K";"SCANIER #*.S,"CHAN","TD4P (R)"
1250 FOR C-i TO 5 !Collecting temperatures (chls 1-5)
1280 OUTPUT 708;"C"
1270 OUTPUT 708 USING "DDD":C !Scanner #2
1280 TRIGGER 722 !Trigger DVO
1290 ENTER 722;V
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1300 T(C)-V !Storing temperatures in T(*)
1310 NEXT C
1320 FOR C-25 TO 26 !Collecting temp (chls 25-26)
1330 OUTPUT 708;"C"
1340 OUTPUT 708 USING "DDD";C !Scanmer #2
1350 TRIGGER 722 !Trigger DOV
1360 ENTER 722:V
1370 T(C-7)-V !Storing temperatures in T(18).T(19)
1380 NEXT C
1390 OUTPUT 708;"C"
1400 CLEAR 722
1410 T(6)"T(3)
1420 T(7),T(5)
1430 T(3)-T(2)+T(18)
1440 T(5)-T(4)+T(19)
1450 FOR C-1 TO 5
1460 Y(C),FNT(T(C)*1000)+460 !Converts temp to dog Rankin*
1470 PRINT USING "2X,DDD,8X,6D.D";C,Y(C)
1480 NEXT C
1510 RETURN
1520 1****** SUBROUTINE FOR DATA REDUCTION *************a*****e**********
1530 f TURBINE STATIC OUTLET PRESSURE WAS CHANGED FROM
1540 ATMOSPERIC TO A VALVE MEASURED IN THE TURBINE OUTLET FLOW
1550 1
1560 f VARIABLES FOR THIS SECTION
1570 1 MIS STORAGE ARRAY
1580 Q-MATRIX OF PRESS(IN. OF HG)
1590 1 M(1)-TURBINE BEAD(DELTA P ORIFICE)
1600 1 M(2)-CaWRESSOR BEAD(DELTA P COMPRESSOR)
1610 YI1RIIICE EXPANSION FACTOR(TURBINE)
1820 1 Y2-FIICE EXPANSION FACTOR(COMPRESSOR)
1630 1 K1-DISCHARGZ COZY FOR FEED ORIFICE (TURD)
1640 1 K2DISCSARG COSY FOR FEED ORIFICE (COHP)
1050 1 C9-C SUD P FOR AIR- 0.24
1660 1 CS-C0UY FACTOR BTU-SP
1670 1 C7-(GAHA-1/GAMMA) WITH GM44A-1.4
1680 1 ZI-ORIFACE FACTOR (TURB)
1690 1 Z2-ORIFACE FACTOR (COMPRESSOR)
1700 A3-ALPHA FACTOR (THERMAL) IN FLOW EQN (TURB)
1710 I A4-ALPRA FACTOR (TMMMAL) IN FLOW EQN (CCMP)
1720 ! K3-FACTOR IN FLOW EQN (TURB)
1730 04-FACTOR IN FLOW EON (COIP)
1740 1 Fl-FIRST ITERATION OF FLOW RATE (TURBINE)
1750 ! F2-FIRST ITERATION OF FLOW RATE (COMPRESSOR)
1760 I M(3)-TURB FLOW RATE
1770 I M(4)"<CHP FLOW RATE
1780 I (S)-TURB HP

1790 ! M(6)_CCMP HP
1800 1 M(7)-TURB PRESS RATIO (IN/OUT)
1810 1 M(8)QIP PRESS RATIO (INIOUT)
1820 M( 9)-TURB EFFICIENCY (TOTAL-STATIC)
1830 M(10)-COMPRESSOR EFFICIENCY (TOTAL-TOTAL) MJ

1840 1 TO-REF rEMP (518.7 DEG R)
1850 1 M(11)-SQRT OF THETA (TURD) (T(IN)/T(REF))-0.5
1860 1 M(12)-SORT OF THETA (COMP)
1870 DO-REF PRESS (29.92 IN. HG)
1880 1 M(13)-REF PRESS RATIO (TURB IN/REF)
1890 1 M(14)-REP PRESS RATIO (COMP IN/REF)
1900 1 M(15)-REF TURB FLOW RATE
1910 1 M(18)-REF COMP FLOW RATE
1920 I M(17)-REF TURB RPM
1930 I M(18)-REF COMP RPM
1940 M(19)-REF TURB HP
1950 M(20)-REF COMP HP
1960 M(21)-DELTA TEMP(TURB)
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1970 1 #4(22)-DELTA TEHP(CCtIP)
1980 1 #4(23)-HEAD COEFFICIENT

1990 MAT Q- (0)
2000 FOR 1-6 TO 20 STEP 2
2010 Q(I/2-2)-((XCI)-X(2))*.07355).X(1)
2020 NEXT I
2030 M(l)-XC6)-X(8)
2040 M(2)-X(14)-X(C16
2050 Yl11-.026t1(1)IQ(1)
2060 12-1-. 02581WH2)/Q(5)
2070 K1-1.4405
2080 K2-.63094
2090 C9-.24
2100 CO-1. 414636364
2110 C7-.2657142057
2120 Z11I.94C9*(((Y(I)-460)/100)-l)
2130 Z2-1.9+Cg*(((Y(4)-460)/100)-1)
2140 A31I+.002044*((YC1)-528)/100)
2150 A4-1+.002o44*((Y(4)-528)/100)
2160 K3-.00327673
2170 K4-.0015472
216 Fl111*A3*Yl*SQRT(ABS(Q(I*(1)/,cYc1,))
2190 F2-X2-A4*Y2*SQRT(ABSCQ(5).H(2)/Yc4)))
2200 M(3)-F1I2*(1eSQRT(ABS(1+4.Ic3*ZlIy1)))
2210 M(4)-P2I2*(1.SQRT(ABSc1+4a*c4*Z2/F2)))
2220 M(2l)-Y(2)-Y(3)
2230 M(22)-Y(S)-Y(4)
2240 M(S)-M(3)*C9HC(21)aca
2250 H(G)-MC 4)*C9t4(22)*CS
2260 M(7)-Q(3)/Q(4)
2270 14C6)-Q($)/Q(7)

2290 M(20)-YC4)/Ht22)*C(H(6)'C7)-I)*100
230t' T0-518.7
2310 M(I1)-=QT(Y(2)/TO)
2320 M(12)-SQT(T(4)/T0)
2330 D0-29.92
2340 MC13)-Q(3)/DO
2350 M(14)-Q(7)/DO
2360 M(15)-t4(3)t4(11)(14(13)
2370 M(16)-HC(4)*M(12)/M(14)
2380 M(17)-Y(6)/M(11)
2390 M(18)-Y(G)IM(12)
2400 M(19)-61(S)/(M(13)*n(11))
2410 M(20)44(6)/(M(14)*fl(12))
2420 M(23)-12872668*Y(2)/Y(6r^2*c1-(Q(4)/o(3))-C7)
2430 PRINT
2440 PRINT
2450 PRINT "REDUCED DATA:"
2460 PRINT
2470 PRINT "HEAD COETIICIENT-";M(23)
2460 PRINT USING "IB.8X .K;"SP FLOW DELTA PRESS EFF FLOW RPM HPI,
2490 PRINT USING "17X,X"; "RATE TEMP RATIO (REF) (REF) (REF)"
2500 IPRINT "?300)DOCOC. X10000(. 10CC_0000C. X_10000. 10CC 0000C.X XX1000C. XXX XXXXXXC)OC.X
2510 PRINT USING "/,X,XSD.D.X,GD.3D,X,6D.D.X,6D.30,X,6D.D.X,5D.3D.X,60.X,5D.D":*TURB".M(5),M(3)
2520 PRINT USING "/.K.X.SD.D.X,6D.3D,X.SD.DX.60.3D,X,6D.D,X,6D.3D,X.6D,X.SD.D"; 'COMP".M(6) .M(4)
2530 1
2540 RETURN
2550 I'** SUBROUTINE TO SAVE DATA POINT ON RARD DRIVE :.700,0.1
2560 Save: OUTPUT @Pathl;AS
2570 OUTPUT @Pathl;E1
2580 OUTPUT UPathl;X(*).Y(*),T(*)
2590 OUTPUT P*Pth2:D8
2600 OUTPUT IPath2:E1
2610 OUTPUT 6Path2;M(*)
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2620 RETURN
2630 R.EM**** END OF SUBROUTINES *
2640 !
2650 LOAD "TURBOLAB",10
2660 END
2670 1
2680 REM**** FUNCTION FOR TEMPERATURE COMPUTATION *

2690 DIE FNT(V)
2700 S1-32.144+35.77*V-.4518*%W2
2710 S2-33.252+34.86*V-.1855*V'2
2720 IF SI<100 TUEN 2740

2730 S1-S2
2740 RETURN Si
2750 FREUD
2760 REM*** END OF USER DEFINED FUNCTIONS **********************************
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10 1 PROGRAM: TURBO2 (OLD TURBO3)
20 f MODIFIED BY: R. SHREEVE 10/8/86
30 1 R. WENDLAND, LCDR. USN, 9/17/91
40 CLEAR SCREEN
50 DIM X(20).Y(6).T(lg).$18121.O8[123,US[14]
60 INTEGER El
70 PRINTER IS CRT
so INPUT "ENTER RAW DATA FILE NAME: , US
90 INPUT "ENTER DATA POINT RECORD NUMBERS (LOW, BIGN):",A.B
100 INPUT "DO YOU WANT TO DISPLAY RESULTS TO SCREEN OR PRINTER (SCREEN-0 PRINTER-i)?".R
110 IF R-0 THEN 130
120 PRINTER IS 711
130 ASSIGN @Path TO US&":,700,0.1"
140 ON END @Path GOTO Continual
150 GOSUB Read
160 IS-" INLET"
170 OS-" OUTLET"
180 PRINT "-----------------------------------------------------------------------------
190 PRINT TAB(23);"CU4MINS TURBOCHARGER MEASURED DATA"
200 PRINT ----------------------------------------------------------------------------------

210 PRINT USING "16X,K.DD,19XK,DD,K,DD,K,DD";"RUN f",X(9),"DATE: ",X(3)."/".X(5),"(",X(7)
220 PRINT ------------------------------------------------------------------------------------
230 PRINT USING "/,/,27XK";"PRESSURES (IN. H20 GAUGE)"
240 PRINT USING "20XK,5X.I," ;"I ORIFICE I TURBINE I NOZZLE"," I COMPRESSOR"
250 PRINT "POINT TARE CALIB. J";TAB(36);"J";TAB(51);"J";TAB(66):"I"
260 PRINT USING "K,14XK,K.K,KK.K,K,K";" NO. " ,IS.OS,3$.OS.I$,OS
270 PRINT USING "10D,6DSD,70.SD,7DTD.D,T D.DD";1,2,3,4,5.6,.78,9,10
280 PRINT "- --------------------------------------------

290 Printl: IP E1<A TEEN Loop1
300 PRINT USING "3D.6D.SD.D.6D.DSD.D.D.SD.6D.D.5D.D.6D.D.SD.D"X(11).X(2).X(4)X(6).X(8)
310 IF 11-3 TEEN Continual
320 Loopl:GOSUS Read
330 GOTO Printl
340 Continual: PRINT ----------------------------------------------------------------------------

350 ASSIGN IPath TO USa"":. 700.0.1"
360 ON END IPath GOTO Continue2
370 E1-0
380 G06UE Read
390 1,-" INLET"
400 03-" OUTLET"
410 PRINT USING "/,/,47X,K";"TU4PERATURES (DEG R)"
420 PRINT USING "28XKIC:"L"
430 PRINT USING "K.SX,K,4X,K,1OX,K,6X.K,7X,K,4XK";"POINT","RPM","ATM. PRESS I"."I"."TURBINE"."
440 PRINT USING "K,1X,.K,K,K.C,K,;" No.";'(IN.sG) ORIFICE",IS.O,8.ISO
450 PRINT USING "23X,11D.11D.100,11D,10D";1,2.3.,4.5
460 PRINT ---------------- -----------------------------------------------------------
470 Print2: IF El<A THEN Loop2
460 PRINT USING "3D,110,$8D.DDgD.DgD.D•8D.D.D.D.8D.D";X(11).Y(6),X(1),Y(l),Y(2).Y(3).Y(4) Y(5)
490 IF El-B THEN Continue2
500 Loop2:GOSUB Read
510 GOTO Print2
520 Continue2: PRINT "---------------------------------------------------------------------------

530 PRINT TAB(21);"NOTE: CHANNEL AND PORT NUMBERS INDICATED"
540 PA INT ------------------------------------------------------------------------------------
550 GOTO Hold
560 Read: ENTER @Path:AS
570 ENTER SPath;E1
580 ENTER IPath;X(*)
590 ENTER @Path;Y(*)
600 ENTER @Path;T(*)
610 RETURN
620 Bold:DISP "F2 TO CONTINUE"
630 PAUSE
640 PRINTER IS CRT
650 LOAD "TURBOLAB". 10
(L0 END
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10 1 PROGRAM: TURBO3 COLD TURBO4)
20 ! MODIFIED BY: R. SHREEVE 10/8/86
30 ! R. WENDLAND, LCDR, USN, 9/20/91
40 CLEAR SCREEN
50 DIM X(20),Y(6),T(19),M(23).US(14JVS(141
60 INTEGER El.E2
70 PRINTER IS CRT
80 INPUT "ENTER RAW DATA FILE NAIE:",US
go INPUT "ENTER REDUCED DATA FILE NAME:",V$
100 INPUT "ENTER DATA POINT RECORD NUMBERS (LOW, HIGH):",A,B
110 INPUT "DO YOU WANT TO DISPLAY RESULTS TO SCREEN OR PRINTER (SCREEN-0 PRINTER-i)?",R
120 IF R-0 THEN 140
130 PRINTER IS 711
140 ASSIGN $Pathl TO U$&":. 700.0.1"
150 ASSIGN §Path2 TO VS&":,700,0,1"
180 ON END @Pathl GOTO Continuel
170 ON END IPath2 GOTO Continuel
180 GOSUB Read
190 PRINT "--------------------------------------------------------------------------------
200 PRINT TAB(23); "CUMIINS TURBOCHARGER CALCULATED DATA"
210 PRINT ---------------------------------------------------------------------------------

220 PRINT USING "16X,KDD,19X,K,DD,K.DD,K.DD";'RUN #",X(9),'DATE: ",X(3),"/",X(S),"",X(7)
230 PRINT "----------------------------------------------------------------------------------
240 PRINT USING "/,I,32X,K";"TURBINE DATA"
250 PRINT USING "9X.K";"POINT PRESS REF REF HP REF HEAD EFF"
260 PRINT USING "1OX.K";"NO. RATIO RPM FLOW HP COEFF (Z)"
270 PRINT USING "16X,K,gX,K";"(PS/PS)"."(LBM/SEC)'°
280 PRINT USING "1OX,K";" H(7) M(17) M(15) M(s) M(19) M(23) M(9)"
290 PRINT * .--------------------------------------------------------------------------------

300 Prlnt1: IF E21A TEUN Loop1
310 PRINT USING "U.3D,SD.2DOD,SD.3D;SD.2D,5D.2D,3D.3D,SD.D";X(11).M(7),M(17),M(15),M(5).M(19),
320 Il 31-3 THU Continuel
330 Loopl:GOSUJ Read
340 GOO Nint,
350 Continuel: RINT ----------------------------------------------------------------------------

360 ASSIGN @Pethl TO U&" :,700,0,1"
370 ASSIGN OPath2 TO VS&": ,700,0,1"
380 ON END SPethl GOTO Continue2
390 ON END UPath2 GOTO Continue2

400 l1-0
410 GOSUB Read
420 PRINT USING "/./,30X,K";"C(*fPRESSOR DATA"
430 PRINT USING "9X.K";"POINT PRESS RPM REF REF HP REF EFF"
440 PRINT USING "1OX,K";"NO. RATIO RPM FLOW HP (2)"
450 PRINT USING "15X.K,16X,K";"(P1O/P9)"."(LBM/SEC)"
460 PRINT USING "10X.K";" M(s) M(18) M(16) M(6) M(20) M(10)"
470 PRINT " ----------------------------------------------------------------------------------
480 Print2: IF E21A THEN Loop2
490 PRINT USING "9X.3D06D.2D.9D.8D.4D.3D.5D.2D.4D.2D.4D.D";X(11).M(8),Y(6),M(18).M(16).M(6).M(20)
500 IF El-B THEN Continue2

510 Loop2:GOSUB Read
520 GOTO Print2
530 Contlnue2: PRINT "-----------------------..----------------------------------..................
540 GOTO Hold
550 Reed: ENTER @Pathl;A,
560 E, ITER @Pthl;El
570 ENTER §Pathl;X(*)
580 ENTER @Pathl;Y(*)
590 ENTER @Pathl;T(*)
800 ENTER *Path2;BS
510 ENTER @Path2;E2
620 ENTER SPath2;M(*)
630 RETURN
640 Hold:DISP "F2 TO CONTINUE"
650 PAUSE
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660 PRINTER IS CRT
670 LOAD "TURBOLAB",10
680 END
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10 tProgram: TURBO4 Plots data from designated ASCII files to the CRT or Printer
20 0oeveloped: by R. Wendland, LCDR, USN, 22 Sept 1991
30 !
40 DIM TitleS[50],X-label3(50].Y labelS[5O],RadfileS[14],M(23).DatalC1:20,23).Data2(1:20,23)
50 CLEAR SCREEN
60 ?• I LABELS OFF
70 PRINTER IS CRT
80 I
90 .---- Load working matrix Data: ------------------------------------------
100 Load matrix: I
110 INPUT "Number of plots per graph (1 to 3):",Numplots
120 FOR K-i TO Num._plots
130 INPUT "Enter reduced data file nme: ".Red-file$
140 PRINT "Data file #";K;": ";RedfileS
150 ASSIGN @Path TO Red fileS&":.700,0,1"
160 ON END OPath GOTO 410
170 I11
180 Read:ENTER @Path;AS
190 ENTER *Path;El
200 ENTER SPath;M(*)
210 SELECT K
220 CASE 1
230 FOR J-0 TO 23
240 Datal(I,J)-'(J)
250 NEXT J
260 D1-Dl+l
270 CASE 2
280 FOR J-0 TO 23
290 Data2(l.J)-M(J)
300 NEXT J
310 D2-D2+1
320 CASE 3
330 FOR J-0 TO 23
340 Data3(I.J)-4(J)
350 NEXT 3
360 D3-03+1
370 END SELECT
380 I-I+l
390 GOTO Read

400 1-0
410 NEXT K
420 !
430 I---- Define graph parameters: -------------------------------------------
440 Grsphi pareter: I
450 INPUT "Enter graph title:",Titlo$
460 -PRINT "Graph title: ".Title$
470 INPUT "Enter X-axis label:",X labels
480 PRINT "X-axis label: ";XlabelS
490 INPUT "Enter Y-axis label:",' 'labels
500 PRINT "Y-axis label: ";Y_label"
510 INPUT "Enter X-axis and Y-axis M-values( M(x),M(y) )'",X,Y
520 FOR K-i TO Num_plots
530 SELECT K
540 CASE 1
550 PRINT
560 PRINT "Data file #";K;":"
570 PRINT X Labels;TAB(2.);Y_ls;,elS
580 FOR 1-1 TO D0
590 PRINT Datal(I.X),Datal(IY)
800 NEXT I
810 CASE 2
620 PRINT
630 PRINT "Data file "; K;':"
640 PRINT X labelS;TAB(25);YlabelS
650 FOR I-1 TO D2
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660 PRINT Data2(I,X),Data2(I.Y)
670 NEXT I
680 CASE 3
6go PRINT
700 PRIN- "Data file *;;:
710 PRINT X -label$;TAB(25);Y~label.S

720 FOR 1-1 TO 03
730 PRINT Data3(IX),Data3(I.'f)
740 NEXT I
750 END SELECT
780 NEX(T K
770 INPUT "Enter Xminin Xmax, Ynin, Ymaxe:",Xo,Xf,Yo,Yf
780 1
790 ! ---- Graph data - - - - - - - - - - - - - - - - - - - - - - - - - - - -
800 Graph data:!
810 CLEAR SCREEN
820 GINIT !Initialize graph routine
830 Xso-Xo 1Initialize all scaling variables
840 Xaf-Xf

850 Yso-Yo
860 Y~f-Yf
870 Xa~rangoeXaf-Xso
880 Ys~range-Ysf-Yso
890 Xacale-l
900 YscalelI
910 IF Xs range-cl000 THEN IScale up graph variables for mininum of
920 Xa~range-Xa~range*l0 1of 1000 units of resolution across x-axis
930 Xscale-Xacale*10
940 GOTO 910
050 MND IF
960 IF Yx ranxe-cl000 THEN I Scale up graph variables for mininum of
970 Yserenge-Yarangeelo I of 1000 units of resolution across y-axis
980 Yacale-Ycaele~lO
900 amT 980
1000 END IF
1010 Xao-Xo*Xscale Finalize all scaling variables
1020 Xaf-Xf*Xscale
1030 Yao-Yo*Yscale
1040 Yof-Yf*Yscale
1050 X8 -range-Xsf-Xso 11,ength of X-axia

1080 Ya~range-Yaf-Yao ILength of Y-axis
1070 LORG 6 !Character ref pt:top center
1080 IMVE 100-RATIO/2,100 !Morve cursor to screen loc for labels
1090 LABEL Titlea IPlot title
1100 CSIZE 3.5 ISize. labeling
1110 MOVE 100*RATIOI2,0 IMove cursor to bottom center screen
1120 LORG 4 !Character ref pt:bottom center

1130 LABEL X-labelS !X-axis label
1140 DEG 'Desig degrees for LDIR

1150 LDIR 90 ISets Y-axis label on end
1180 LORG 6
1170 MOVE 0,50
1180 LABEL Y-labelS !Y-axis label
1190 LDIN 0 !Reset label to horizontal orientation.
1200 LONG 2 'Chr ref pt:left center

1210 VrEWPORT 10,9O-RATIO,10,90 !Sets graph screen size
1220 FRAME '!Bax around VIEWPORT

1230 WINDOW4 Xso,XsfYsoYsf ISet axis lengths in VIEWPORT
1240 AXES Xs range/lOYs rainge/10.Xso.Yso lAxes intersect at lower left

1250 AXES Xs~range/10,Ys~range/1O,XsfYsf !Axes Intersect at upper right
1260 CLIP OFF !So labels can print outside VIEWPCRT

1270 CSIZE 3.0_ 4 !Axen label size
1280 LORG 8 !Number X-axis
1290 FOR I-Xso TO Xsf STEP Xe-range/lO
1,000 MOVE 1,Yso- .01-Ys range
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1310 LABEL USING "#,K";IIXscale
1320 NEXT I
1330 LORG 8 !Number Y-axis
1340 FOR I-Yso TO Ysf STEP Ys_range/1O
1350 MOVE Xso-.Ol*Xsrange,I
1360 LABEL USING "#,K";I/Yacale
1370 NEXT I
1380 FOR K-1 TO Nuznplots
1390 SELECT K
1400 CASE 1
1410 FOR I-1 TO D1
1420 PLOT Datl(I,X)*Xscale,Datal(I.Y)*Yscale,-2 ! Plots Datal as squares
1430 PDIR 45
1440 POLYGON .01*Xs_range,4
1450 NEXT I
1460 CASE 2
1470 FOR I-I TO D2
1480 PLOT DatS2(I,X) Xscale,Deta2(I,Y)*Yscale.-2 ' Plots Data2 as diamonds
1490 PDIR 0
1500 POLYGON .01*Xsranga,4
1510 NEXT I
1520 CASE 3
1530 FOR I-1 TO D3
1540 PLOT Data3(I.X)*Xscale,Data3(IY)*Yscala,-2 Plots Data3 as triangles
1550 PDIR 90
1560 POLYGON .01*Xs_rang.,3
1570 NEXT I
1580 END SELECT
1590 NEXT K
1600 IF Plot-O TEN Hard copy
1610 DUMP GRAPHICS #711
1620 GOTO Anotheoplot
1630 !
1640 t---- Bard copy plots of graphs ------------------------------------------
1650 Hard-Copy: I
1660 INPUT "Plot graph: (No-O Printer-i Plotter-2)",Plot
1670 IF Plot-0 THEN Another_plot
1680 IF Plot-1 THEN Graphdata
1690 1---- PLottor rout'
1700 Plotter: !
1710 PRINTER IS 712
1720 Xso'Xo ! Initialize all scaling variables
1730 Xsf-Xf
1740 Yso-Yo
1750 Yaf-Yf
1760 Xs_rangs-XsE-Xso
1770 Yarange-Yst-Yso
1780 Xscale-1
1790 Yscale-1
1800 IF Xarangec1000 THEN ! Scal, up graph variables for mininum of
1810 Xasrang*-X*_range*10 ! of 1000 units of resolution across x-axis
1820 Xscal.-Xscale*10
1830 GOTO 1800
1840 END IF
1850 IF Ys_rangec1000 THEN Scale up graph variables for mininum of
1860 Ysrange-Ys_range*10 of 1000 units of resolution across y-axis
1870 Yscal.-Ysc4la*10
1880 GOTO 1850
1890 END IF
1900 Xaf-INT(Xf*Xscale)
1910 IF Xsf>16383 THEN Readjust graph variables to ensure x-axis
1920 Xsf-Xsf/10 Xsf does not exceed 16383 units
1930 Xscala-Xscale/10
1940 GOTO 1910
1950 END IF
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1960 Ysf..INr(Yf*Yscale)
1970 IF Ysf'16383 THEN 9Readjust graph variables to ensure y-axis
1980 Ysf-Yaf/1O Xsf does not exceed 16383 units

1990 Yscale-Yscale/10
2000 GOTO 1970

2010 END IF
2020 Xso-INT(Xo*Xscale) !Finalize all scaling variables

2030 Xaf-INT(Xf*Xscale)
204.0 YaoINT(Yo*Yacale)
2050 YofLINTCYf*Yacale)
2060 PRINT "IN;IP1000,l000.0S00.7000;" t Set paper size
2070 PRINT "SC";Xao;".";Xaf;"'."Yso;".";Yaf;";" I Set X & Y aXises lengtba
20.80 PRINT "PA";Xso;".";Yao:";SP1;PD;"
2090 FOR XprXao TO Xaf STEP (Xsf-Xao)I10 !Print X-axis
2100 PRINT "PA";Xp:',";Yso;";XT;PU;"
2110 PRINT "CP-2.4,-1.3;LB";Xp/Xscale:CIIRS(3)
2120 PRINT "PA";Xp;",";Yso;";PD;"
2130 NEXT Xp
2140 PRINT "PU;PA";Xso+INT(.4*(Xsf-Xso));".";Yso-INT(.078*(Ysf-Yso));';LB";X labeLS;CHRS(3)

2150 PRINT "PU;PA" ;Xao;",";Ysf;'; PD;"
2160 FOR Xp.Xso TO Xaf STEP (Xsf-Xso)/l0
2170 PRINT "PA";Xy;"."aYf:*";XT;"
2180 NET Xp
2190 PRINT "PU;PA";Xso;",";Yso;":PD;'
2200 FOR Yp..Yso TO Yaf STEP (Ysf-Yso)/10 I Print Y-axis

2210 PRINT "PA*";Xao;".';Yp;'*;YT;PJ;"
2220 PRINT "CP-6.4,-.3;LB";Yp/Yscala;CHRS(3)
2230 PRINT "PA";Xso;".";Yp;";PD;"
2240 NEXT Yp
2250 PRINT "PU;*A";Xno-INT.09*(Xsf-Xso));",";YaO+INTC.375*(Yaf-Yao));";DI0.1;L3";Y-labelS;CHRS(3)
2260 PRINT *PA";Xaf;",";Yao;";PD"
2270 FOR TYa-Yo TO Yaf STEP (Yaf-Yao)/10
2280 PRINT "PA";Xsf;".";Tp;";YT;"
2290 NEXT TV
2300 MRINT "PU;PA";Xao4INT(.40(Xsf-Xao));",";INT(.078*(Yaf-Yao))+Ysfaf";0I1.0;LB3;Title8;CHRS(3)
2310 FOR K-1 TO Nua...plots f Plot data points
2320 SELECT K
2330 CASE 1
2340 FOR 1-1 TO Dl
2350 PRINT "PA";INT(Datal(I.X)*Xacala);",";INT(Detal(I,Y)*Yscale);";V
2360 PRINT "C3-,908,00--609; I Plots squares for graph #1

2370 NEX(T 1
2380 CASE 2
2390 FOR I-1 TO D2
2400 PRINT "PA";INT(Data2CI,X)*Xacale);".;:INT(Data2(I.Y)*Yscala);':"
2410 PRINT -UCO,-4,99,-3,4,3.4.3,-4,3. -4,-99;"! Plots diamonda for graph #2
2420 NEXT I
2430 CASE 3
2440 FOR 1-1 TO 03
21.50 PRINT "PA";INT(Data3(IX)eXscale);",":INT(Data3(I,Y)*Yscale);'":
2460 PRINT "tJC-3.-4,99,3,8,3,-8,-6,0,-99;"- I Plots triangles for graph #3
2470 NEXT 1
2480 END SELECT
2490 NEX(T K
2500 PRINT *PU;PA";Xsf;.,:s;;
.2510 PRINTER IS CRT
2520 !---- Additioni riots/End of routines------------------
2530 Anoth~rjplot: 1
2540 INPUT "Plot another graph? (Yes-i No-O)",Replot
2550 Plot-0
2560 CLEAR SCREEN
2570 IF Replot-1 THEN Graph~parameter
2580 CLEAR SCREEN
2590 KEY LABELS ON
2600 LOAD "TURBOLAB",10
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10 !Program: SCAN_TEMP
20 !Description: Reads thermo-couple emf from channels 0-5, converts to

30 1 degrees F, and prints to CRT.
40 !Devices: HP3495A(708), HP3456A(722)
50 !
60 CLEAR SCREEN
70 DUMP DEVICE IS 711
so DIM Y(5,1:2),T(5)
go INTEGER Run
100 DIM Channe1(S)(201
110 ChannelS(0)-"Atmosphere"
120 Channel$(1)-'Supply Orifice"
130 Channel$(2)-"Turbine Inlet"
140 Channel3(3)-"Turbine Outlet"
150 ChannelS(4)-"Compressor Inlet"
160 ChannelS(5)-"Compressor Outlet"
170 1
180 PRINT "Turbocharger Lab Temperature Readings."
190 Scan: I --------------------------------------------------------------------
200 Run-Run+1
210 PRINT
220 PRINT "Run number:";Run
230 PRINT USING "X.11XK,3X.K";"Location","Channel #"," Temperature (F)"
240 PRINT
250 OUTPUT 722;"T3"
260 FOR C-0 TO 5 !Reading temperature channels 0-5
270 OUTPUT 708 USING "DDD";C
280 TRIGGER 722
290 ENTER 722;T(C)
300 T(C.1)-C
310 Y(C.2)oFNT(T(C)l000) !User defined function applied
320 IF Y(C,2)<ABS(.1) THEN
330 T(C,2)-O
340 END IF
350 PRINT USING "20A.2X.DD.11XSD.D";Charmel$(C),Y(C.1).Y(C.2)
360 NEXT C
370 CLEAR 722
380 INPUT "Ente:r i=Rescan 0-Quit",R scan
390 IF Rescsn-1 THEN Scan
400 LOAD "TURBO-_M", 10
410 END,
420 WUer defined function to convert voltage readings from tempetature probes
430 Ito temperature values In degrees F.
440 DUF FUT(V)
450 Sl32.144+35.77*V-.4518*V^2
460 S2"33.252+34.86*V-.1855*V-2
470 IF 31<100 THEN 490
480 S51"2
490 RETURN S1
500 FNEND
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10 !Program: TURBO MENU
20 !Description: Program provides Function Key menu for program selection.
30 CLEAR SCREEN
40 ON KEY 1 LABEL "TURBO0" GOTO Turbol
50 ON KEY 2 LABEL "TURB02" GOTO Turbo2
60 ON KEY 3 LABEL "TURB03" GOTO Turbo3
70 ON KEY 4 LABEL "TURB04" GOTO Turbo4
80 ON KEY 5 LABEL "SCAN TEMP " GOTO Tamp
90 ON KEY 6 LABEL " " GOTO Hold
100 ON KEY 7 LABEL "MAIN HENU" GOTO Main
110 ON KEY 6 LABEL "EXIT MENU" GOTO Exit
120 !
130 PRINT "Turbocharger Date Acquisition Lab"
140 PRINT
150 PRINT "Itsm: Select Function Key"
160 PRINT
170 PRINT " TURBO1: Collect, reduce and F1"
180 PRINT " store RAW Data"
190 PRINT
200 PRINT " TURBO2: Tabulate RAW Data F2"
210 PRINT
220 PRINT " TURB3: Tabulate REDUCED Data F3"
230 PRINT
240 PRINT " TURBO4: Plot REDUCED Data F4"
250 PRINT
280 PRINT " SCAN T-MP: Scan temperature probe PS"
270 PRINT
280 PRINT " Main Menu F7"
290 PRINT " Exit Menu F8"
300 1
310 Hold: !
320 GOTO gold
330 Turbol: I
340 LOAD "TURBO1", 0
350 Turbo2: I
360 LOAD -TURB2-, 10
370 Turbo3: !
380 LOAD "TURBO3",10
390 Turbo4: !
400 LOAD "TURBO4", 10
410 Tamp: !
420 LOAD "SCANTD4P",10
430 Disczepanciea: I
440 LOAD "DISCREPDOC". 10
450 Main: 1
460 MASS STORAGE IS "/WORKSTATIONS"
470 LOAD "AUTOST",l0
480 Exit:CLEAR SCREEN
490 END
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10 ITitle: A 4431T
20 !Author: R.P. Shreeve (Rev. 12/3/89)
30 !Updated: R.A. Wendland (12/12/91)
40 tPrograsm: Performance calculations for turbine for varying
50 ! Alphal.
60
70 CLEAR SCREEN
80 DUMP DEVICE IS 711
90 KEY LABELS OFF
100 DIM A(7,15).B(7,15),C(7,15).R(15),S(15),Alphal(15)
110 DEG ! All angles in degrees
120 INPUT "Print results to CRT or Printer? (CRT-1, Printer-0): ",Crt
130 IF Crt-l TUEN 150
140 PRINTER IS 711
150 ------ Input data ----------------------------------------------------
160 Rg-.08
170 P9"1
180 Q9-517.8
190 PO-2
200 P2-1
210 T0-560
220 U0-800
230 91-14
240 ! A1"75 Program modified for Alphal iteration
250 G1-1.4
260 G0-32.174
270 K-.98
280 10-35000
290 INPUT "Enter Re: ".R0
300 INPUT "Enter Alphal (des): sin, max, s9ep size - .,L1,L2.L3
310 1 .---- Calculate needed quantities ----------------------------------
320 VO-109.62*SQRT(T0)
330 X3-UO/VO
340 P4-P2/PO
350 R8-RQ*(P0/P)/(T0/Q9)
360 ------ Calculate performance -----------------------------------------
370 I-1
380 L4-0
390 FOR Al-Li TO L2 STEP L3
400 GOSUS Non dimension
410 TO-T9*TO
420 0- (VO*V0I(2*GO))*T9/530
430 PIP3*P0
440 Tl"Sl*T0
450 T2.S2*TO
460 V1-X1*V0
470 V2-X2*VO
480 WI-X5*V0
490 W2-XG*VO
500 W0-B1/H0
510 X9-Xl*COS(Al)
520 A9=(W0*1441(RS*V0))/(X9*(1-X9-2)'(/(l-GI))*K9)
530 R7-(360*U0)/(PI*N0)
540 39-A9/(2*PI*R7)
550 PRINT "R*-;R0:81Jt";R7;H:H9;W0";W0
560 I1 ---- Store data in array -------------------------------------------
570 R(I)1R0
580 S(I)-R1
590 Alphal(l)-A1
600 A(1,I)-1m
610 A(2.I)-N2
620 A(3,I)-H0
630 A(4,I)-T8
640 A(5.I)-PI
650 A(6,I)-T1
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660 A(7,I)-T2
670 3(1.1)-VI
680 3(2.1)-Wi
690 3(3,1)-V2
700 3(4,1)-W2
710 3(5,1)-Bl
720 BC6,1)--A2
730 B(7,I)--B2
740 C(1,I)-ZI
750 C(2,I)-Z2
760 CO3.I)-H3
770 C(4,I)-M44
760 C(5,I)-H5
790 CC6,I)-46
600 C(7,I)-0
610 1-1+1
820 L4-L4+1
830 NMX Al
840 1---------Print dat---------------------------------------------- ----------
850 PRINT USING -/.K,50.2O),KSD.2D,K.6D,K";"PT0-",P0." P2-",?2." ATO. TTO-",TO,' DEG. R"
860 PRINT USING ",60KI;WELVEL.-",UO,' FT/SEC."
870 FOR I-i TO L4
880 PRINT USING "1C.5D";"ALPEAl-",Alphal(I)
890 NEXT I
900 PRINT USING "/,K,K.K.X,X,XK,K,K';" ETA T-S"," ETA T-T"," HP/LB .,* DELTW .' P1
910 FOR 1-1 TO L4
920 PRINT USING "40.3D.AD,3D.30.4D.3D.4D,30.4D.5D.2D,5D.2D,50.2D,3D.4D";A(1.I) .A(2.I).A(3.I),A(
930 NEXT I
940 PRINT USING "I.K.X.K.K.K.X.KK,K";" vi ", i , V2 . W2 -.- BETAl
950 FMR I-i TO L4
960 PRINT USING 8OD.D,60.D,6D.D,6D.D,SD.DB.6D.,6D.D,5D.D.3D.3D.4D";(,1).B(2,I).B(3,I),3(4.I),B(
970 NUT I
980 MRINT USING ~,,,.,,,.,"" ZETA 3"," ZETA R"," HICRIT"," NICRIT"," MR1CRIT"."
090 FM I-i TO L4
1000 PRINT USING "30.4D,3D.4D,3D.4D,3D.40,3D.4D,3D.40.8X.5D.2D.30.40";C(1.I),C(2,I) .C(3.I).C(4-, I
1010 NEX 1
1020 GOTO 1410
1030 ---- Subroutine for non-dimension performance calculations --
1040 Non dimenaion:
1050 G2-(Gl-1)1G1
1060 G3-SQRT((G1+1)/(G1-l))
1070 T4-P4^G2
1080 T3-T4+R0*( 1-T4)
logo P3-T3^(11G2)
1100 YI-1-T3

1110 N1(2/(l-Ml)(1I-T

1130 S1-T3+Zl*Y1
1140 X1-SQRT(1-S1)
1150 X4-Xl*COS(Al)
1160 31-ATN( (X1*SIN(Al)-X3)/X4)
1170 X5-X4/COS(B1)
1180 T7-S1'X5-2
1190 T5-S1*(P4/P3)-G2
1200 YO-T7-T5
1210 M2-(2/(G1-l))*YS/T5
1220 Z2-. 2*M2
1230 S2-T5+Z2*Y6
1240 X6-SQRTCT7-S2)
1250 B2-X4/X6
1260 32-ATN(SQRT(1-B2^2)/B2)
1270 A2-ATN((X6*SIN(B2)-X3)/X4)
1260 X2-X'/COS(A2)
1290 S3-S2+X2-2
1300 T9-1-S3
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1310 N1-T9/(1-T4)
1320 PS-P4*(S3/S2)-(l/G2)
1330 T"-P5-02
1340 N2-Tg/(l-TS)
1350 R1-(S1-S2)/(1-S3)

1360 H3"Xl*G3
1370 M4-X2*G3*SQRT(1/S3)
1380 M5'X5*G3*SQRT(1/T7)
1390 !S-XB*G3*SQRT(1/T7)
1400 RETURN
1410 D0SP "Fress F2 to exit, press F3 for another run'
1420 PRINTER 15SCRT
1430 PAUSE
1440 LOAD "DESIGNMENU",10
1450 END
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10 ITitle: R 4431T
20 !Author: R.P. Shreeve (Rev. 12/3/89)
30 lUpdated: R.A. Wendland (11/30/91)
40 ?Program: Performance calculations for turbine for varying
50 ! theoretical desree of reaction.
60 !
70 CLEAR SCREEN
80 DUHP DEVICE IS 711
so KEY LABELS OFF
100 DI0 A(7.15),B(7,15),C(7,15),R(15)0S(15)
110 INPUT "Print results to CRT or Printer? (CRT-l, Printer-0): ".Crt
120 IF Crt-l TEEN 140
130 PRINI IS 711
140 I ---- - Input data ----------------------------------------------------
150 R9-.06
160 P9-1
170 Q9-517.8
180 P0-2
190 P2-1
200 T0-560
210 UO-800
220 B1-14
230 Al-75
240 G1-1.4
250 GO-32.174
260 K9-.98
270 N0-35000
280 ------ Calculate needed quantities ----------------------------------
290 VO-109.62*SMRT(TO)
300 X3-UO/V0
310 P4-P2/PO
320 RS-R9*(PO/Pg)/(TO/Qg)

'330 DEG
340 ------ Calculate perforu m ce -----------------------------------------
350 INPUT "nter Re: min, max. stop aize",Ll.L2,L3
360 I-1
370 L4-0
380 FOR RO-Ll TO L2 STEP L3
390 GOSUB Non dimension
400 T-,Tg*T0
410 80(VO*VO/(2*GO))CT9/550
420 P1-P3*PO
430 TIS1*T0
440 T2-S2eT0
450 V1-Xl*V0
460 V2-X2*V0
470 W1-XS*VO
480 W2-XS*V0
490 WO-O1/g0-
500 X9-XI*COS(A1)
510 A9-(WO*144/(Ra*Vo))/(xg*(1-X9g2)(1I/(1-G1))*K9)
520 R7-(360*U0)/(PI*NO)
530 89-A9/(2ePI*R7)
540 PRINT "'R*";Ro;"'R1"";R7;"-"-;Hg."W .-";Wo
550 1 .---- Store data in array -------------------------------------------
560 R(1)-RO
570 S(I)-R1
580 A(1,I)-NI
590 A(2.1)-N2
600 A(3,I)-H0
610 A(4.I)-T8
620 A(5,I)-p1
630 A(6.I)-Tl
640 A(7.I)-T2
650 8(1.1)-Vl
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680 3(2,1)-Wi
670 B(3.I)-V2
680 B(4,I)-W2
690 U(SI)-a1
700 B(6.1)--A2
710 BC7.I)--B2
720 CC1.I)-Z1
730 C(2,I)-Z2
740 C(3,1)-M3

750 C(4, I)-44
760 CC5.Z)-I5
770 C(6.I)-MI
780 C(7.I)-0
790 1-1+1
800 LA-L4+1
810 NEXT RO
820 --- Print data-------------------------------------------------------
830 PRINT USING "/,/,/,/,KS0.2DK,5D.2D.X,6D.K";'PTO.",,Po,"* P2-",P2," ATO. TT0O.TO."
840 MRINT USING /,,0KD.C;WELVEL.-".UO," FT/SEC. ALPHA1-",A1," DEG,
850 PRINT USING '//I,,,,.,,,""ETA ?-S-,- ETA T-T"." HP/LB ",' DELTW , Pi
860 FOR A-1 TO L4
870 PRINT USING -4D.3D.4D.3D.3D.AD.3D.4D.3D.4D,SD.2D.5D.2D.SD.20.3D.4D";A(1,I) .A(2.I) .A(3,I) .A(4
880 NEXT 1
890 PRINT USING "/,/,K,X,K,IC,X,X.E,K,K";" vi Ni ", V2 W2 " BETAl
900 FOR I-1 TO L4
910 PRINT USING '6D.D,8D.D.60.D,SD.D,6D.D,6D.D.GD.O,5D.20,3D.40-;8(1,I).B(2.I).B(3,I),B(4,I),B(5
920 NEXT 1
930 PRINT USING -/,/.K.XK,K,K,XK,K.KK";" ZETA S"," ZETA R"," MiCRIT"," M2CRIT"," MR1CRIT", -

940 FOR 1-1 TO L4
950 PRINT USING "BD.AD,30.AD.3D.AD,3D.4D,3D.AD,3D.4D,8X.5D.2D.30.4D";C(1,I).C(2.1) ,C(3.I) ,C(4.I)
960 NEXT 1
970 0010 1360
980 1----Subroutine for non-diwanenuon performnance calculations --
990 Non dizawicion: I
1000 G2-(Gl-1)IGl
1010 G3-S0RTC(Gi+l)/(G1-l))
1020 TA-P4^02
1030 T3-T4+R0* (i-TA)
1040 P3-T3^(1/G2)
1050 Y1-1-13
1060 M1-(2/ (01-1))*(Y1I(l-Yi))
1070 Z1-.i*tli
1080 S1-T3+Zl*T1
1090 XI1SQRT(I-S1)
1100 XA-XI-COS(Al)
1110 I1-AT4( (Xl*SIN(A1)-X3)/X4)
1120 XS-X4/COS(31)
1130 T7-S1+X5-2
1140 T5-Sl*(P4/P3)'G2
1150 YG-T7-T3
1160 M2-(2/(Gi-1))*Y6/TS
1170 Z2-.2*M2
1180 S2-T5+Z2*YS
1190 XS-SQRT(T7-S2)
1200 B2-X4/X5
1210 B2-ATN(SQRT(1-B2^2)/B2)
1220 A2-ATN( (X$hSYN(B2)-X3)/X4)
1230 X2-X4ICOS(A2)
1240 S3-S29X2'2
1250 79-1-S3
1260 N1-Tg/(1-T4)
1270 PS-P4*(33/S2)-(l/G2)
1280 TS-PS-G2
1290 N2-T9/(1-T6)
1300 Rl-(SI-S2)/(l-S3)
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1310 13-XI*G3
1320 M4-X2*G3*SQRT(1/S3)
1330 M5-X5*G3*SQRT(l/T7)
1340 MS-X6*G3*SRT(1/T7)
1350 RETURN
1360 DISP "Press F2 to exit, press F3 for another run"
1370 PAUSE
1380 LOAD "DESIGN MENU",I0
1390 END
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10 ITitle: TIRB3
20 !Author: R. P. Shreeve (09/01/88)
30 tUpdated: R. Wendland, LCDR. USN (12112/91)
40 lProgram: Calculate and draw turbine blade profiles.
50 !
60 DEG
70 DUMP DEVICE IS 711
so CLEAR SCREEN
90 KEY LABELS OFF
100 ------ Input Graph parameters ........................................
110 INPUT "Plotting STATOR or ROTOR? (stator-0, rotor-i): ",Type
120 IF Type-l THEN
130 TypoS-"ROTOR"
140 ELSE
150 Type$-"STATCR"
160 END IF
170 PRINT "Input axis coordinates for ";TypeS;" blade profile plot:"
180 IF Type-0 THEN
190 INPUT "Enter Xa (nominal -1.0): ",Xa
200 INPUT "Enter Xb (nominal 3.0): ",Xb
210 Type-1
220 ELSE
230 INPUT "Enter Xa (nominal 3.0): ",Xa
240 INPUT "Enter Xb (nominal -1.0): ",Xb
250 Type---
260 END IF
270 Ya--.2
280 YbABS(Xa-Xb)/RATIO+Ya
290 PRINT
300 PRINT "Azis coordinates:"
310 PRINT " Xa - ",Xe
320 PRINT " Xb - ".Xb
330 PRINT " Ya - ".Ya
340 PRINT " Yb - ".Yb
350 PRINT
360 ------ Input Data ----------------------------------------------------
370 PRINT "Enter all angles in degrees."
380 INPUT "Enter T.E. wedge angle (epsilon): ",El
390 INPUT "Enter T.E. radius Ispacing: ",R8
400 INPUT "Enter output relative flow angle (alpha2 or beta2): ",B3
410 B3-B3*Type
420 . . EQ. 26 --------------------------------------------------------
430 A5-COS(B3)-S*R8*(1-B3/90)
440 A0"OS(B3)-8*R8*(l-ATN(SQR(I-As2)/As),90)
450 IF ABS(A0-A5)<.00001 THEN 480
460 ASAO
470 1O=7 440
480 INPUT "Enter inlet rel.'flow angle(alphal or betel): "'82
490 B2"-B2*Ty1
500 INPUT "Enter L.E. radius /spacing (eI/S): ",R9
510 INPUT "Enter L.E. wedge angle (delta): ",D1
520 INPUT "Enter axial chord/spacing: ",B0
530 ZO2*(TAN(B3)+TAN(B2))*COS(B3)-2/BO
540 S0-1
550 8182-10
560 IF D1>20 THEN 580
570 B1-12-D1/2
580 GlBI+D1
590 Ag9(AO+2*R8)ISO
600 E2"El/2
610 Aa8Ag/(l+TAN(E2)-2)
620 A8"A8-SQR(A8-2-(Ag92-TAN(E2)"2)/(l+TAN(E2)'2))
530 AI1ATN(A8/SQR(1-A8a2))
840 Rl=(BO-Ra*(l+COS(AI+El))-Rg*(l+SIN(Bl)))/(COS(A1+E1)+SIN(h1))
650 R2-S0*COS(AI+E1)/SIN(El)+R8
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660 EO-1/(l+SIN(Gl-A1-El))
670 FO-(SIN(Gl-Al-El)+COS(D1))/(l+SIN(G1-A1-El))
680 G0-(2*(COS(D1/2))^2)/(l+SIN (Gl-Al-E1))
690 R3-A0*E0*(COS(G1)*(SIN(Al+El)-SO/A0)-SIN(G1)*COSC(Al+E) )+Rl*FO+R9*G0
700 ! ----- PRINT DATA ---------------------------------------------------
710 PRINTER IS 711
720 PRINT
730 PRINT " Turbine Blade Profile"
740 PRINT ..............
750 PRINT
760 PRINT "For Axial Chard - ";B0
770 PRINT " Blade Spacing - ";SO
780 PRINT " Exit Width - ".A0
790 PRINT " L.E. Radius - ";R9
800 PRINT " T.E. Radius - ";R8
810 PRINT " L.E. Wedge An:gle- ";D1
820 PRINT " I.E. Wedge Angle- ";E2
830 PRINT
840 PRINT "Design Rol. Inlet Flow Angle - ";-B2*Type
850 PRINT "Design Rel. Outlet Flow Angle - ";B3*Type
860 PRINT "Zweifel Coefficient - ";ZO
870 PRINT
880 PRINT
890 PRINT "Calculated Blade Parameters:"
900 PRINT -------------------------------
910 PRINT " Alpha - ";Al
920 PRINT " Beta - ";B1
930 PRINT " Gomma - ";G1
940 PRINT
950 PRINT " Rl - ";R1
960 PRINT " R2 - ";R2
970 PRINT 1 R3 - ";R3
980 PRINT
9sO PRINT
1000 PRINTER IS CRT
1010 DISP "Press F2 to view plot, F3 for new inputs and recalculate values."
1020 PAUSE
1030 CLEAR SCREEN
1040 ------ Calculate and Plot data to CRT screen
1050 1 Graph parameters:
1060 X range-Xb-Xa
1070 YTrangeoYb-Ya
1080 02-10
1090 DYl10
1100 GINIT
1110 PEN 4
1120 LCRG 6
1130 MOVE 100*RATIO/2,100
1140 LABEL TypeS;" Blade Profiles"
1150 CSIZE 3.5
1160 MOVE 100*RATIO/2,0

1170 LORG 4
1180 LABEL "Meridian Plane"
1190 LDIR 90
1200 LORG 6
1210 MOVE 0,50
1220 LABEL "Chord"
1230 LDIR 0
1240 LORG 2
1250 VIEWPORT 10,95*RATIO.,0,95
1250 FRAhE
1270 WINDOW Xa,XbYs,Yb
1280 AXES X_ranse/Dx,Y_range/Dy,XaYs
1290 AXES X range/Dx,Y_rang./Dy,XbYb
1300 CLIP OFF
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1310 CSIZE 3.0,_A

1320 LORG 6
1330 FOR I-Xa TO Xb STEP X-range/Dy

1340 MOVE I.Ya- .01*Y range

1350 LABEL USING "#,M.DD":l

1360 NEXT I
1370 LORG 8

1380 FOR I-Ya TO Yb STEP X-rarige/Dy

1390 MO~VE Xa-.01*X-range,I
1400 LABEL USING "#,MD.DD";I
1410 NEXT I
1420 K1-0

1430 ---- Trailing Edge---
1440 T2--Al
1450 T3-180-A1-E1
1460 T4-(T3-T2)/20
1470 FOR T1-T2 TO T3 STEP T4

1480 X--R$*SIN(T1)
1490 Y-R8C(l-COS(Tl))
1500 PLOT XY
1510 NEXT Ti

1520 1----Preasure Side --

1530 Xl-- (Rl+RS)*SIN(A1+E1)

1540 YI-R8+(R1+R8 )*COS(A1+E1)
1550 T2--90+Al+E1
1560 T3-91
1570 T4-(T3-T2)/20
1560 FOR Tl-T2 TO T3 STEP T6

1590 X-X1+RltCOST1)

1600 !.sT1+R1CSIN(Tl)
1610 PLOT X.T
1620 MWX Ti
1630 1----Tip Radius --

1840 X4-Xl+(Rl+R9)* (Bl)
1650 Y4-Y1+(R1+Rg)*SIN(B1)
1660 T2-31l
1670 T3-180-Gl

1680 T4-(T3-T2)/20
1690 FOR T1-T2 TO T3 STEP TA

1700 X-X4..RgtCOS(T1)
1710 Y-Y4+Rg*SIN(Tll
1720 PLOT X,Y
1730 NEX Ti
1740 XG-X
1750 yo-T
1780 PINUP
1770 ---- Suction Side --

1760 PEN 4
1790 X2--(R2-R8)*SIN(A1)
1800 Y2-R8+(R2-R8)*COS(A1)
1810 T2-0
1820 fl-El
1830 T4-(T3-T2)/20
1840 FOR T1-T2 TO T3 STEP T4
1850 X..X2+R2*SIN(T1+A1)
1860 Y-Y2-R2*COS(T1+A1)
1870 PLOT X.Y
1880 NEXT Tl
1890 --- Suction Side Radius R3---

1900 X5-X2+R251IN(El+Al)
1210 YS-Y2-R2*C05(E1+Al)
1920 X3-X5-R3*SIN(El+A1)
1930 Y3-Y5+R3*COS(E1+A1)
1940 T2--(90-A1-E1)
1950 T3-Gl
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1960 T4-(T3-T2)/20
1970 FOR T1-T2 TO T3 STEP T4
1980 X-X3+R3*COS(T1)
1990 Y-Y3+R3*SIN(Tl)
2000 IF YAY6 THEN 2060
2010 PE•uP
2020 PRINT
2030 PRINT "These values give discontinuous slope on suction side"
2040 PRINT
2050 GMTS 370
2060 PLOT X.T
2070 NEXT TI
2080 PLOT XS.,8
2090 PENUP
2100 IF K1-1 THEN 2140
2110 KUI-
2120 WINDOW Xa-SO,Xb-SO.Ta,Yb
2130 GOTO 1430
2140 ------ Area Progression Thru Peasage -----

2150 WINDOW XaXb,TaYb
2163 X7-%I+SO
2170 ¥7-YX
2180 T2--(90-Al-E1)
2190 T3-81
2200 T4-(T3-T2)/20
2210 PEN 7
2220 LINE TYPE 5
2230 FOR T1-T2 TO T3 STEP T4*2
2240 X-X7+(R1-A0)*COS(T1)
2250 T-•T(RI1-AO)*SZN(T1)
2260 PLOT XT
2270 NEXT Ti
2280 DEW GRAPf•CS
2290 DISP "72 to continue
2300 PAUSE
2310 CLEAR SCREEN
2320 INPUT "Calculate blade number? (1-Yes. 0-No): ",NO
2330 IF NO-0 THEN 2470
2340 PRINTER IS 711
2350 INPUT "Enter axial chord (in.): ",B
2360 INPUT "Enter mean radius (in.): ",R5
2370 S-b/30
2380 Z1-2*PI*R5/S
2390 B,-0*S
2400 A-AO*S
2410 PRINT
2420 PRINT "Axial chord - ";b;" in."
2430 PRINT "laede space - ";S;" in."
2440 PRINT "Throat width - ";A;" in."
2450 PRINT "Number of blades - ";Z1
2460 PRINTER IS CRT
2470 D0SP "F2 to exit. F3 for another run"
2M80 PAUSE
2490 LOAD "DESIGNMENU",10
2500 END
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10 1 Title: TURB4
20 ! Author: R. P. Shreeve (09101188)
30 Updated: R. A. Wendland, LCDR. USN, (12/17/91)
40 ! Program: Calculate blade height and lossess for given mean
50 s line conditions for a single stage axial turbine
60
70 DIM 0(3.17)
80 CLEAR SCREEN
90 PRINTER IS CRT
100 DUMP DEVICE IS 711
110 KZY LABELS OFF
120 ------ Oee ign Input Data ----------------------------------------------
130 PRINT "Input data from program 4431T:"
140 INPUT "Enter PtO (palo): ",PO
150 INPUT "Enter TtO (deo R): ".TO
160 INPUT "Enter delta Tw (DELTW deg R): ",JO
170 INPUT "Enter w dot (lbs/sec): ",W0
180 ------ Gas Properties -------------------------------------------------
190 R4-53.393
200 G9-1.4
210 C9-.24
220 J9-778
230 G8-32.174
240 ------ Velocity Diagram Date ------------------------------------------
250 DEG
260 INPUT "Enter Alphoe (dog): ",L3
270 INPUT "Enter delta alpha (dog): ",L4
280 INPUT "Enter Mlcr: ",M1
290 INPUT "Enter Betaeo (dog): ",B3
300 INPUT "Enter delta beta (dog): ",34
310 INPUT "Enter M'crl: ",M3
320 INPUT "Enter M'er2: ",M4
330 1 .---- Stator Blide Data ----------------------------------------------
340 CLEAR SCREEN
350 PRINT "Input STATOR blade data from TURB3:"
360 INPUT "Enter number of blades W:): ",Z1
370 INPUT "Enter throat width (e): ",A
380 INPUT "Enter axial chord (b): ",B
390 INPUT "Enter blade spacing (S): ".S
400 INPUT "Enter blade chord Cc): ",C
410 INPUT "Enter trailing edge thickness (ts): ",T7
420 INPUT "Enter maximum blade thickness (tmax): ",T8
430 INPUT "Enter tip clearance (delta t): ",T9
440 ------ Analysis of the Stator ..........................................
450 K-i
460 CLEAR SCREEN
470 INPUT "Enter STATOR profile loaa (fig 15 (ref: 1174VA1)): ",S1
480 59-2-S1
490 NO-1
500 XB-tI^2*(Gg-1)/(Gg+I)
510 X9-X8/(l-S9)
520 R0-P0*144/(R4*T0)
530 VO-SfR(2*Cg*TO*Ga*Jg)
540 PS-(1-X9)(G9/(Gg-1))
550 T5-1-Xe
560 Ti-T5*T0
570 PIP5*PO
580 Rl-RO*Ps/T5
590 !--- Re into stator
600 X6-X8*(COS(L3)/COS(L3-L4))^2
610 T-1-XG
620 P-T-(G9/(G9-l))
630 R-R0*P/T
540 J1-T*T0
650 M8"1.153E-5*.O6333*SQReJl)/(198.72/J1+I)
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660 R9-StR(XG)*V0*R*C/(M8*12)
670 Q8-RO*VO*SQR(X9)*(1-Xg)(1/(G9-l))
680 D8-L4
690 D7-L3
700 Z-SQR((2/(G9-1))*X8/(1-X8))
710 PRINT
720 PRINT
730 PRINT "STATOR Blade Analysis:"
740 PRINT -------------------------
750 PRINT
760 GOSUD BLadingloss
770 IF hDS(S9-$6)<.002 THIM 640
780 PRINT "Above results ore for interation ";NO
790 S9-S6

800 NO-NO+l
810 GaTe 510
820 PRINT
830 PRINT
840 PRINT " Blade height - ";11:;" in."
650 PRINT " Xxit press. - ";P1;" pale'
860 PRINT " Exit temp. - ";T1;" deg R"
870 PRINT
880 PRINT
890 PRINT
900 O(K, 6l)-Pl
910 O(K,17)-Ti
920 D1SP "F2 to continue"
930 PAUSE
940 . . Rotor Blade Data ----------------------------- n ------------------
950 X-2
960 PRINT "Input ROTZ blade data from TUR33:"
970 INPUT "Enter ntber of blades (z): ".Z1
980 INPUT "Enter throat width (a): ",A
990 INPUT "Enter axial chord (b): ".3

1000 INPUT "Enter blade spacing (S): ",S
1010 INPUT "Enter blade chord (c): ",C
1020 INPUT "Enter trailing edge ttL knese (ts): ".T7
1030 INPUT "Enter maximum blade thickness (tmax): ",T8
1040 INPUT "Enter tip clearance (delta t): ",T9
1050 INPUT "Enter ROTOR profile loss (fig 15, ref: 1174VA1): ",S$
1060 S9-3*$1
1070 NO-I
1080 G7-(G9-1)I(Gg+l)
1090 Y8"44-2*G7
1100 Y9-Y8/(1-59)
1110 T4-(l-G7*tM12)/(1-G7*H32)
1120 P4-(T4/T5)C(G91(G9-1))
1130 R3-P4*PSaRO/T4
1140 W3-VOSQR(T4)
1150P-(-9(9/9-)

1160 T6-1-Y8
1170 P2-PT*P4*Pl
1180 T2-T6*T4*T0
1190 1 ----- Re into ROTOR
1200 N8m1.153E-5*.06333*SQR(T1)/(198.72/Tl+1)
1210 Y7-M3-2*G7
1220 R9-SQR(Y7)*W3*Rl*C/(M8*12)
1230 Q8-R3*W3*SQR(Yg)e(l-Yg)^(1/(G9-1))
1240 D8-B4
1250 D7-B3
1260 H-SOR((T4/T5-1)*2/(G9-1))
1270 PRINT
1280 PRINT
1290 PRINT "ROTOR Blade Analysis:"
1300 PRINT "----------------------- '

Figure D12 (cont) TPL Program: TURB4

182



1310 PRINT
1320 GOSUB Bladingloss
1330 IF ABS(S9-S6)<.002 THEN 1380
1340 PRINT "Above results are iteration ";NO
1350 S-S6

1360 N0-N0+1
1370 GOTO 1100
1380 PRINT
1390 PRINT
1400 PRINT " Blade height - ";99;" in."
1410 PRINT " Exit press. - ";P2;" psia"

1420 PRINT " Ezit temp. - ";T2;" deg R"
1430 PRINT
1440 PRINT
1450 PRINT
1460 O(X.16)-P2
1470 O(K,17)-T2
1480 DISP "F2 to continue"
1490 PAUSE
1500 1 .---- Calculate Stage Performance --------------------------------------
1510 1-3
1520 PS-P0 IP2
1530 P9-P]2*((T0-J0)IT2)"(G9l(G9-1))
1540 Pq-PO/P9
1550 lD-TO*(1-(1/P8)((09-1)/09))
1560 28-JO/8
1570 19-T0'C1-(1/PO)((0-1)/G9))
1580 ED-JO/Iz
1590 PRINT
1600 Pam "Stage Pezrormance:"
1610 PRINT --------------------
1620 PRINT
1630 PRINT Pressue Ratio (T-S) - ";P;" Efficiency (T-S) - ";E8
1840 PRINT Presasre Ratio (T-T) - ";P9;" Efficiency (T-T) - ";Z9
1650 PRINT
1680 PRINT
1670 O(1.1)-PS
1660 O(1,2)-to
1690 O(K,3)-PS
1700 O(K.4)"89
1710 . . Print Results ----------------------------------------------------
1720 PRINT "Date to be printed on Printer."
1730 PRINT "-- Ensure paper is correctly set, press F2 to continue."
1740 PAUSE
1750 PRINTER IS 711
1760 PRINT
1770 PRINT
1780 PRINT TAB(27);"Single Stage Axial Turbine Design"
1790 PRINT TAB(27); -----------------------------------
1800 PRINT
1610 PRINT
1820 PRINT TAB(41);"Stator";TAB(61);"Rotor"
1630 PRINT TAB(41);" -------- ;TAB(a1);--.....
1840 PRINT
1850 PRINT USING "15X,K,11X,5D,15X,5D",'No. of Blades";O(1,8);O(2,8)
1860 PRINT USING "1.X,K";" ---------------
1870 PRINT
1660 MRINT
1890 PRINT TAB(16);"Blede geometry (inches)"
1900 PRINT TAB(16); -----------------
1910 PRINT
1920 Formatl: IMAGE 15X.K,5X,D.3D.14X,D.3D
1930 PRINT USING Formatl;"Blade Height ",0(1.7),0(2,7)
1940 PRINT USING Format1;"Exit Width ",O(1.9),0(2,9)
1950 PRINT USING Formatl;"Axial Chord ",0(1,10),0(2.10)
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1960 PRINT USING Formatl;"Spacins ".0(1.11),0(2.11)

1970 PRINT USING Formatl;"Chord ",O(1,12),0(2.12)
1960 PRINT USING Formatl:"T.Z. Thickness ",0(1,13),O(2.13)

1990 PRINT USING Formatl;M"ax. Thickness ".0(1,14),O(2,14)
2000 PRINT USING Fozmatl;"Tip Clearance ",0(1,15),O(2,15)
2010 PRINT
2020 PRINT
2030 Format2: IMAGE 15X,KSX.D.4D,13X,D.4D
2040 PRINT TAB(16);"BIlad Row Performance"
2050 PRINT TAB(16); ----------------------- *
2060 PRINT USING Format2;"Ref. Profile Lose ",O(1,1),0(2,1)
2070 PRINT USING Format2;"Tot. Profile Loss ",0(1,2),O(2,2)
2080 PRINT USING Formst.2;"Ssc. Flow Loss ",0(1,3).O(2,3)
2090 PRINT USING Format2;"iixing Loss ",0(1,4),O(2,4)
2100 PRINT USING Format.;"Tip Clearance Lose ",0(1,5).O(2,5)
2110 PRINT USING Format2;"Total Loss Coeff. ",O(1,6),0(2.6)
2120 PRINT
2130 Foreat3: IMAGE 13X,X,SX,3D.2D,14X,3D.2D
2140 PRINT USING Format3;"Exit Pressure (psia)",0(1.16),O(2,1$)
2150 PRINT USING Forma'.3;"Exit Temp. (des R)",0(1,17).O(2,17)
2160 PRINT
2170 PRINT
2180 PRINT TAD(16).;"Stage Performance";TAB(39);"Total-Total";TAB(59);"Tot-Static"
2190 PRINT TAh(16); ------------------- ;TAB(39);" ------------- ;TAB(59); -------------
2200 PRINT
2210 PRINT USING Formatl;"Presuure Ratio ";0(3,3).O(3.1)
2220 PRINT USING Format2;"Efficl€ecy ";0(3.4),0(3,2)
2230 PRINTU IS CRT
2240 GOTO 2740
2250 1- SladiLn loss subroutine
2260 ladingsloss: 1
2270 !- ---- Total Profile Los ------
2280 PRINT "Us - ";R9
2290 INPUT "Enter K(Ro) (fig 23, ref: GA1074VA2): ".1&
2300 PRIN "Machf - ";M
2310 INPUT "Enter K(M) (fig 16, ref: 1174VA1): ",K3
2320 •2-l+2*(TO/C-.2)
2330 S2-S1*Kl*K2*K3
2340 Wg-0*144/(Zl*QS*A^2)
2350 9-A*(W9*(1+. 77*S2)+. 025*S208)
2360 ------ Secondary Flow Loss -----
2370 !5-(S-T7)-CPS(D7)/H9
2380 S3-S2*.0323*D6S*5*(l+.962*S2)/(l-.03*D8*H5.S2)
2390 1 .---- Mixing Loss -----
2400 S4-(T7/S+.962*S2)/(1+.962*S2)
2410 S4-(COS(D7)*S4/(154))-2
2420 54-541(l+S4)
2430 ------ Tip Clearance Loss -----
2440 D6-07-D8
2450 DS-ATN((TAN(DS)+TAN(D7) )/2)
2460 S5-COS(D7)'2*(ABS(TAN(D6)-TAN(D7))l1.5/COS(D5))
2470 S5-2.26*S5"T9/(Hg*SQR(B/S))
2480 S5-SS1(1+S5)
2490 ------ Total Losses -----
2500 36-$2+53+S4+55
2510 PRINT "Ref. Profile Loss - V;S1
2520 PRINT "Tot. Profile Loss - ";92
2530 PRINT "See. Flow Loss - ":S3
2540 PRINT "Mixing Loss - ";$4
2550 PRINT "Tip Clearance Lose - ";$5
2560 PRINT
2570 PRINT " Total Loss - ";S6
2580 O(K,1)-S1
2590 O(K.2)-S2
2600 O(K,3)-S3
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2610 O(K.4)8S4
2620 OCK,S)S35
2630 O(K,6)-SO
2640 O(K,7)39g
2650 O(K,8)-Z1
2660 0(K,9)-A
2670 O(K,10)3B
2580 0(K.1l)-S
2600 O(K.12)-c
2700 O(K.13)?T7
2710 O(K.14)-TO
2720 O(K,15)?T9
2730 RZTURNV
2740 0151 "F2 to exit. F3 for another run"
2750 PAUSE
2760 PRINTU 1S CRT
2770 LOAD -DESIGKJ4ENU". 10
2780 END
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10 fProgram: DESIGN MENU
20 tDesaription: Program to provide Function Key menu selection of programs.
30 !
40 CLEAR SCREEN
so PRINTER IS CRT
60 KEY LABELS ON
70 ON KEY 1 LABEL "R_4431T" GOTS R 4431t
80 ON ]MY 2 LABEL "A 4431T" GOTO A4431t
90 ON KEY 3 LABEL "TURB3" GOTO Turb3
100 ON KEY 4 LABEL "TURB4" GTO0 Turb4
110 O KEY 5 LABEL " " GeT0 Hold
120 ON KEY 8 LABEL " " GeTO Bold
130 ON KEY 7 LABEL "MAIN MRNU" GOTO Main
140 ON KEY 8 LABEL "EMIT MENU" GOTS Exit
150 1
160 PRINT "Turbo-propulsion Design Programs"
170 PRINT
180 PRINT "Item: Select Function Key"
190 PRINT
200 PRINT " R-4431T: Performan Calculations Fl"
210 PRINT " (Iterate on R*)"
220 PRINT " A-4431T: Performano Calculations F2"
230 PRINT " (Iterate on Alphal)"
240 PRINT " TUR33: Draw Blade Profiles F3"
250 PRINT " TURBA: Blade Height and Loses F4"

260 PRINT
270 PRINT ' Main Menu F7"
280 PRINT " Exit Menu Fe."

290 1
300 gold: I
310 GeTs Bold
320 R 4431t: !
330 LOAD -R 4431T-,10
340 A 4431t: 1

•50 LOAD "A_4431T-".10
360 Turb3: !
3713 LOAD "TURB3" .10
360 Tuxb4: I
390 LOAD "TURB4A" 10
400 Main: 1

410 MASS STORAGE 1 "IWCRKSTATIONS"
420 LOAD "AUTOST", 10
430 Exit:CLEAR SCREEN
440 END
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1 !Program: SCAN
10 IDescrip: Reads voltages from designated scanivalve through scanner f#
20 1 and prints to CRT port # and voltages in pressure (in. Hg).
30 Devices: UP349SA(701) #1. 3P3M46A(722), NG-78(707). Scanivalve(1-5)
40 !Modify: Using Holy. routines.
50 flotes: Devices HP3495A and BG-?8 use specific commmication formats
s0 I in the OUTPUT statements by utilizing the image form USING.
70 !
80 I EP3495A: OUTPUT 701 USING "DDD";V+9
go t 30-78: OUTPUT 707 USING "#,K";V
100 1
110 DIM Preos(1:50) !Assign array in Memory.
120 !Designate Scanivalve:
130 INPUT "Input Scanivalve, First port. Last port:",V,First,Last
140 1
150 OUTPUT 722;"GSTGSOSTIT3" !Set-up RP3456A DVM.
160 CLEAR 701 lReset SP349SA Scanner.
170 !
180 FOR Portroqd-First TO Last eloutine to read pressure values.
190 GOSUU Read ISubroutine to read Scanivalve
200 WAIT .5 rport number from 30-78.
210 OUTPUT 701 USING "DDD";V+9 tSet Scanner connect 0VM to HG-78
220 TRIGGER 722 ITrigger D04 to read Scanivalve.
230 ENTER 722;Press(Portreqd) !DVH reads value, and writes to
240 CLEAR 701 !1P9000 memory. Scanner is reast.
250 NEXT Portzreqd
260 CLEAR 722 fReset D'IM.
270 I
280 PRINT *•ORT #","iPRSS (IN. 320)" IRoutLne to print results to the
290 PRINT INP9000 CRT.
300 FM 1.First TO Last
310 PamT I.Prses(I)*100000
320 NUT 1
330 1

340 GOTO Finish
350 !****E ND OF MAIN p- ** *** .aee4*e***************
360 t
370 1**********SU3ROUTINZ READ AND POSITION SC.AIVALVE e*******************
380 Read: 1
390 OUTPUT 707 USING "f.K";V IRoutine to cell BG-78, ask for the
400 P0-SPOLL(707) tcuirent port assigned, read the port
410 L-BINAND(PO,15) 1n. oer, and convert it to decimal
420 TSBIFT(PO,4) Iformat.
430 M-DIRAND(T,7)
440 Port read-10*8+L IScanivelve port on r in decimal
450 CLEAR 707 Iformat..
460 IF Portread-Port_reqd THEN Exit tExit subroutine if reqd port selected
470 OUTPUT 701 USING "DDD";V-1 !Advance S/V to next port
480 CLEAR 701 !Reset Scanner
490 WAIT .1
500 GOTO Read !Loop to Read for another port reading.
510 Exit:RETURN
520 !C*i*******END OF SUBROUTINES**e***e** aa**********************************
530 Finish:.!
540 END
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10 SUB Plot
20 ! Subroutine to display plot screen, leas the plota of any curves
30 1 for the specified variables in the CCM /PLot labels/ line.
40 CO /Plot labels/ Xo.Xf.YoYfDx,Dy,TitleS,XIabel$,y labelS
50 CLEAR SCREEN
60 KEY LABELS OFF
70 GINIT !Initialize graph routine
s0 X-range-Xf-Xo 'Length of X-axis
90 Yzeanse-yf-Yo ILength of Y-axis
100 LOBG 6 lCharacter ref pt:top center
110 DV1 100*RATIO/2.100 Move cursor to screen Ic for labels
120 CSIZZ 3 ISize. labeling
130 LABEL Titles IPlot title
140 HOVE 100*RATIO/2,0 Move cursor to bottom center screen
150 LRG 4 lCharacter ref pt:bottom center
160 LABEL XIabelS !X-axis label
170 DEG !Desi8 degrees for LDIR
180 LDIR 90 ISets Y-axis label on end
190 LCOB 8
200 IOV2 0,50
210 LABEL YTlabelS IY-axis label
220 LDIR 0 IReset label to horizontal orientation.
230 LCRG 2 IChr rof pt:left center
240 VIEWPIOr 10,902RATIO,10,90 eets graph screen size
250 FRAME IBox around VIEWPORT
280 WINDOW Xo.Xf,Yo,Yf Set axis lengths in VIEWPORT
270 AXIS Xrsngo/Dz,Yrngse/DyXo.Yo tAxes intersect at lower left
280 AXIS Xrange/Dx,Yrange8Dy,Xf,Yf lAzes intersect at upper right
290 MUD XIrafhe/Dx,T-rango/Dy,Xo,Yo,Dz.Dy,.001 Cresato dot grid background
300 CLIP 017 ISo labels am print outside VIEWPORT
310 CSZZi 3.0,.4 lAzes label size
320 LOBS 6 Inhmor X-exis
330 FM I-Xo TO XE STEP X-range/Dx
340 "WE .To-.01*T range
350 LABEL USING "#,X-;l
360 NET 1
370 LCOB 8 Intrber Y-axis
380 FOR I-Yo TO Yf STEP Trange/Dy
390 MOVE Xo-. 01*Xrange,!
400 LABEL USING "#,K";
410 NET I
420 CLIP ON
430 1
440 SUBEND

Figure D15 TPL Subprogram: Plot
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10 1DataS-FNDaet.3(T1MEDATE)
20 DEl FNDat*S(Seconda)
30 Julian-Secands DIV 85400-1721119
40 Year-(4*JuLian-1) DIV 146097
50 Julian-(4*Julian-1) MOD 146097
60 Day-Julian DIV 4
70 Julian-(4*Day+3) DIV 1461
s0 Day.(4*Day+3) MDD 1461
90 Day(Day44) DIV 4
100 Honth-(5*Day-3) DIV 153 ! Month
110 Da"(5*Day-3) MOD 153
120 Da"(Day+5) DIV 5 1 Day
130 Yeaaz100*Yeaa+Julian
140 IF Month410 THEN
150 M~onth-Flo th+3
160 ELSE
170 Month-ionth+3
180 Year-Year+1
190 END IF
200 Year8-VALS (Year)
210 IF Month-cl0 THEN
220 Month$-"0"&VALS(Month)
230 ELSE
240 IMonth$SVALS(Month)
250 END IF
260 IF Day-clO THEN
270 Day8-"A"VALS(Day)
260 EmS
290 Day*-VALS(Day)
300 OND IF
310 DYeazSC3,41&MonthSA~ay3
320 RETURN DS
330 TREN

Figure D16 TPL Subprogram: FNDate$
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10 ! Program: FILE XFER
20 Oescription: transfers selected files to a selected directory, and
30 I PURGES the same file if desired.
40 ON ERROR GOTO Error
SO CLEAR SCREEN
60 DIM DirectorylS[35]
70 DIM Directory2S[351
80 PRINT "This program transfers files from an existing specified INITIAL directory"
90 PRINT "to a NEW directory."
100 INPUT "Initial Directory? (ex. '/'0'/WJRX/')",Diroctoryl1
110 INPUT "Naw directory? (ex. '/'.'/W1RK/')",Directory2S
120 CLEAR SCREEN
130 CAT DirectorylS
140 Transfer: I
150 INPUT "File for transfer (CAT to print directory, QUIT to Exit)",FileS
160 IF File$-"QUIT" LHE1 Finish
170 IF File8-"CAT" TEEN
180 CLEAR SCREEN
190 CAT Directoryl$
200 GM0O Transfer
210 END IF
220 Copy: 1
230 COPY Directoryl&FLile$ TO Directory2S&Fil*s
240 PRINT "rile ";Di~rctorylS&File8;" transferred to ";Directory2S&FileS
250 INPUT "Purge this file from current directory? (Yes-i No-O)",Del
260 IF Del-I THN
270 PURGE Directorylz lileS
280 END IF
290 GM Transfer
300 Error: 1

310 IF ENW.54 TM
320 PRINT "File: ";Diroctory2S&FleS;" already exist."
330 INPUT "Do you want to purge? (0-No 1-yes)",Fileopurge
340 I Filepurge-l THEN
350 PURGE Directory2SAFileS
360 PRINT "File: ";Directory2W&le.-;" purged."
370 GOTO Copy
380 ELSE
390 PRINT "File: ";Directory2W&lileS;" NOT purged."
400 END Ip
410 END IF
420 GOTs Transfer
430 Finish: 1
440 CLEAR SCREEN
450 END

Figure D17 TPL Program: FILEXFER
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10 !Program: MAIN MENU returns working window to the Main Menu
20 CONTROL CRT,5;i !Reset screen color to Green.
30 MASS STORAGE IS "/ORKSTATIONS"
40 LOAD "AUTOST", 10
50 END

Figure D18 TPL Program: MAINMENU
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